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PREFACE 



In preparing this text the author has endeavored to 
present the fundamentals of Machine Shop Practice rather 
than to produce a complete or advanced treatise. Above 
all, he has desired to lead the pupil in the shop to think 
and not merely to do. For this reason, the why of each 
step or operation is emphasized quite as much as the how. 
If the apprentice or the trade student can once be imbued 
1^ with an attitude of thoughtfulness and investigation in 

v:^ connection with his work, his future progress toward skill 

•^ and eflBiciency may be regarded as assured. 

>, The material is drawn mainly from mimeographed 

• notes which were tried out for over twelve years in the 

shops of the School of Science and Technology, Pratt 
Institute. With the desire, however, to meet more closely 
the needs of the increasing number of secondary technical 
and industrial schools offering machine shop instruction, 
the original text in which these notes were published has 
been carefully revised by Mr. J. A. Chamberlain, Supervisor 
of Manual Training in the schools of Washington, D. C. 
It is believed that the value of the book as a practical 
manual for apprentices and journeyman machinists has 
in no respect been lessened in this revision, while at the 
same time the order of treatment and the time demanded 
for the completion of the work laid down have been brought 
to a closer agreement with the conditions under which 
machine work is taught in the secondary school shop. 
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VI PREFACE 

The discussion of Shop System is added, not as a part 
of the regular text, but in the way of suggestions to teachers 
and shop foremen in the successful solution of the always 
difficult but nevertheless important and essential problem 
of shop management. 

Grateful acknowledgment is here made of the author's 
obligation to the many machine builders who have helped 
in the preparation of the manuscript through their criticism 
and suggestions, to Mr. H. D. Burghardt, Instructor in 
Machine Work at the Wm. L. Dickinson High School, 
and to Prof. R. W. Bumham of the Erasmus Hall High 
School, who have contributed much to the details of the 
work, and to Mr. J. A. Chamberlain for his services in 
the revision of the original text. 

W. J. Kaup. 

New York, October, 1914. 



EDITOR'S NOTE 



Not the least of the essentials for a shop treatise which 
is to be used as a school text is that it shall be brief without 
becoming a mere collection of formulse and rule-of-thumb 
methods. It must be usable under the conditions that 
control the school roster. At the same time, it should 
develop and inspire the pupil and not merely supply him 
with information. 

This revision of " Machine Shop Practice " is added 
to the Wiley Technical Series in the belief that it meets 
most admirably all of the above requirements. The author's 
training as an apprentice and shop superintendent and his 
wide experience later as an engineer have all been drawn 
upon in the preparation of the manuscript. Mr. Chamber- 
Iain has assisted in giving to the text an arrangement and 
manner of presentation suited to the needs of the school 
shop. The Chapters on " Tool Making," which appeared 
in the earlier edition, are here omitted and this subject 
will be presented as a companion volume soon to appear 
in the Technical Series. 

The Editor. 
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CHAPTER I 

VISE WORK 

Chipping 

The flat cold chisel; its shape. Economic angle for the chisel. Value 
and correct use of the facet as a guide. Straight versus curved 
edge. Grinding the chisel. The cape chisel. Other forms. 
Hammers; their forms and weights. The vise. Chipping. 

While it is true that in modern shop practice much of 
the work that was formerly done in the vise by hammer, 
chisel, and file is now machined, yet a knowledge of vise 
work and the hand tools is still necessary to the first-class 
mechanic, and this knowledge very often proves the means 
whereby he succeeds. 

In discussing elementary steps in the machine shop, 
it is assumed that all are beginners and unacquainted with 
tools and their uses; but should there be those who have 
had some little experience in different shops (while not 
in direct application of the several principles), it will also 
prove valuable for such to learn, not only the uses of the 
tools, but the reasons underlying their construction. 

1. Chisels. Our firsjb lesson is to be chipping, and we 
have to do with cold chisels. To know the proper angle 
of the facets or edges is important, and the relation the 
facets biear to the proper holding and use of the chisel is 
more so. 

1 



4 



MACHINE SHOP PKACTICE 



whereby the whole surface of the facet passes the high point 
on the stone during its travel. Another point — the facets 
should always be ground straight and not rounding, as 
in Fig. 6. Why? Because we should lose the all-important 
guide. 

To facilitate work and save time in chipping broad sur- 
faces, we introduce what is called the cape chisel, Fig. 7. 
It is made of the same shape and grade of steel bar as the 
flat chisel, but is forged to a narrow point. This chisel 
is commonly used for key seating, the width of the chisel 
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Fig. 7. 
The Cape Chisel. 
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Fig. 8. 






Cow-mouth Diamond Pk 

Fig. 9. 



Other Forms of Chisels. 



being determined by the width of the key. The points of 
both flat and cape chisels must be ground true. 

Fig. 8 is still another form of chisel, called a gouge or 
round nose, and used for chipping oil grooves in pulleys, 
bearings, etc. This chisel should be ground thinner at 
A than at the cutting edge, to avoid a wedge shape, which 
would raise a burr on the sides of oil grooves. This is also 
true of cape chisels. A slight change in the angle is made 
at C, to make it possible to increase the depth of the cut 
by raising the chisel. The larger sizes of these chisels and 
the cow-mouth (Fig. 9), are used for chipping circular work. 
Fig. 9 also shows still another form of chisel, called, from its 
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shape, diamond point. It is used by die makers, for corner 
chippings, for correcting errors while drilling holes, etc. 
Fig. 10 is still another form of chisel which is more com- 
mon among tool makers than machinists. It is used for 
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Side 

Fig. 10. — Chisel for Chipping Square Holes. 

squaring the sides of dies and punches and for chipping 
square holes of different depths. 

2. Hammers. The three ordinary forms of the hammer 
are recognized by the different shapes of the top or peen. 
In Fig. 11 the left hand-cut shows a flat peen which is 




Fig. 11 



parallel to the handle; this is called a straight-peen hammer. 
The center cut shows a flat peen at right angles to the length 
of the handle; this is a cross-peen hammer. The right- 
hand cut shows a ball-peen hammer. The peen is used 
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for riveting. The other end of the hammer is called the 
head, and the face of the head is slightly convex or crown- 
ing. The hole for the handle is called the eye. The long 
diameter of the handle is in the same plane as the axis of 
the hammer when the handle is correctly fitted in the eye, 
and the face of the hammer is inclined slightly toward the 
end of the handle. 

The weights of hammers vary according to the work; 
a shop may well be equipped with hammers ranging from 
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Fig. 12.— Plain Block for 
Chipping. 



Fig. 13.— Vise. 



i lb. to U lbs. Those used in earlier days (and perhaps 
for some work to-day) weighed If lbs. but they were for very 
heavy work. For all-around chipping, a 1-lb. hammer will 
do more effective and better work than the heavier hammer. 
The length of the handle should be 12" to 14" or 15". 

3. Chipping Cast-iron. For the first illustrative exercise 
we shall use a plain cast-iron block to be chipped as shown 
in Fig. 12. The student should have a drawing which 
must be carefully studied before laying out the cuts. The 
drawing shows the completed exercise, but the stock block 
is larger in order to allow for finishing. 

The tools necessary for laying out work in the vise are: 
Small square; scriber for marking Unes; dividers (spring); 
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chalk or bluestone solution; prick punch; 1-Ib. hammer 
(ball peen); 6'' scale; calipers (outside); small hammer 
for outline work. 

See that the prick punch is sharp. 

Determine the construction of the vise. Be sure the 
vise jaws are parallel. Do not use too much force in screw- 
ing up the vise; if the jaws fail to hold, look for the reason 
eleswhere; you will invariably find that the work itself is 
not parallel, as all castings have a certain amount of taper 
or draft. Small pieces of cardboard will prove eflScient 
when placed between the work and the vise jaws. 

Form habits of cleanliness and order; these are two 
essentials of a good mechanic. Keep the work bench and 
vise clean and do not scatter the tools promiscuously over 
the bench. 

The steps we are to follow, with pertinent suggestions, 
may be detailed thus: 

Bevel Block. Flat Chisel. 1. Read the drawing carefully 
preparatory to laying out the work. A few minutes spent in careful 
study before starting very often avoids spoiled work. 

2. Chalk the surface of the block where lines are to be drawn. 
By rubbing the finger over the chalked part, a better effect is 
obtained. In marking the outline with the prick punch, use very 
light blows to permit the absolute removal of all marks after finish- 
ing. Lay out one edge of the block first, for practice chipping. 

3. See that the chisel is sharp and ground to proper angles, 
also that the hammer handle is tight in the eye. 

4. Place the work in the vise so you will chip toward the dead 
or stationary jaw of the vise always. This part of the vise' gives 
the greatest resistance to the hammer blows; see Fig. 13. Hold 
the work at such an angle that both lines limiting the cut to be 
made are in the field of vision. 

6. Start with a light chip and light blow; watch only the cutting 
edge of chisel — not the top. Hold the hammer at the extreme end 
of the handle. The hammer should be thrown back vertically over 
the shoulder with wrist and elbow movement only. Do not hold 
the chisel too tightly; by doing so you tighten the cords in the wrist 
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and every vibration caused by the blow of the hammer will tend 
to make the wrist lame. 

6. Rough all surfaces first, leaving from A" to A" for finish- 
ing. Regrind the chisel before taking the finishing cut. 

It is most important to note that in starting the cut 
we have the resistance of all the metal in the block. As 
we approach the end of the block the resistance is gradually 
decreasing. The force applied by the hammer must decrease 
also, or the end will break off, possibly below the line of 
work, thus spoiling it. To avoid this danger, we first chip 
off the corner, as in Fig. 12. The finer the cut, the less the 
force to be applied; that is, the lighter the blow. 

Our second exercise will be an angle plate. Fig. 14, and 
the steps in the process of chipping it are as follows: 

Angle Plate. Cape and Flat Chisels. 

1. Read the drawing carefully, and note 
the amount of stock allowed for finish. 

2. Observe the same rules for holding 
the work in the vise as in the previous 
exercise. 

3. This surface being broader than the 
flat chisel, use the cape or key-way chisel, 
and run two grooves, equally spaced and 
deep enough to get under the skin or 

scale of the casting.^ Note fully the reasons given below. 

4. Chip one surface perfectly flat before starting the other 
side. 

6. Chip the second side^ maintaining a right angle. 

6. ' Figure the time required to rough out and to finish and com- 
pute the cutting speed. 

You will notice the advantage of grooving the broad 
surface with the cape chisel, leaving the metal between the 
grooves narrower than the width of the flat chisel, thus 
enabling you to use the grooves already cut as guides for the 
sides of the flat chisel. Bear in mind again that, as you 
near the edges, the resistance decreases and the edges are 




Fig. 14. — Angle Plate. 
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liable to break out. Avoid this by working from both edges 
toward the center. 

4. Chipping Wrought Iron. We have thus far dealt 
with cast iron only, which is porous and brittle, and crys- 
talline. Wrought metal is dense and fibrous; hence it is 
tough and the chip will curl instead of break off. More 
force must be applied; that is, heavier blows must be struck 
to cut the same size chip on wrought metal as on cast metal. 
In chipping wrought metal, lubricate the end of the chisel 
by occasionally dipping it into a piece of oil-soaked waste, 
placed conveniently on the end of the vise. 

QUESTIONS 

1. What is the best angle for a cold chisel? 

2. What are the objections to a sharper angle? 

3. What are the objections to a more blunt angle? 

4. On a grindstone with grooves, how can a cold chisel be sharp- 
ened flat? 

6. About how wide should the facets of a cold chisel be? 

6. What are the objections to a cold chisel sharpened to 70° 
but with a curved edge? 

7. About what weight of hammer should be used in chipping? 

8. Where should the handle be grasped? 

9. What arm joints should mainly be used in moving the 
hammer? 

10. Should the hammer head be thrown back over the shoulder 
at each stroke? Why? 

11. Where and how should the chisel be grasped? 

12. Toward which jaw of the vise should chipping always be 
directed? Why? 

13. Should chipping be continued toward and up to the end of 
a block? 

14. If the work slips in the vise, how can the slipping be 
avoided, otherwise than by tightening the vise? (Three ways.) 

16. Should a cold chisel ever be lubricated? If so, when and 
how? 

16. What chisels other than flat chisels are in common use? 

17. For what kinds of work is each adapted? 

18. How is the burring of the sides of a chisel-cut groove 
prevented? 



CHAPTER II 
VISE WORK— (Continued) 

Filing 

Classes and varieties of files; cuts, lengths, grades, shapes and uses. 
Cross filing; roughing and finishing a flat surface, a square comer, 
to an angle. Detecting errors. Draw filing. 

There are so many kinds of files, and into their use so 
many factors enter, that the attainment of good results is 
difl&cult unless intelligence is used in operating them. To 
gain this intelligence, certain principles are laid down which 
are to be followed by the student or operator, and much 
depends upon the aptitude with which these principles are 
grasped. If it is borne in mind that fiUng is a finishing 
process its importance will be clearly imderstood. 

5. Classes and Grades of Files. As shown by Fig. 15, 
there are three general classes of files based on the kind of 
cuts which form the teeth, viz., rasps, single-cut and double- 
cut. In each of these classes there are files of different 
lengths, 4" or 6" to 12" or 16", and each length of each 
class is graded by the fineness of the teeth. Fig. 15 shows 
these grades except the coarsest, called " rough," and the 
finest, called " dead smooth." These grades, therefore, are 
— rough, coarse j bastard, second-cut, smooth and dead smooth. 
Do not confuse the term " second-cut," which refers to the 
size of the teeth, with " double-cut," which refers to the 
kind of teeth. 

It is also important to know that a given degree of 
fineness, as " bastard," does not indicate the actual size 
of the teeth (i.e., the ^' pitch " or number of teeth to the 
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incli} unless the length of the file is also given. That is, 

the pitch of a 12" bastard file is not the same as that of 

an 8" bastard; the pitch is proportioned to the length. 

Files are further described by terms indicating their 
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Fio. 15. 

shape. The most common are — the flat file, the half-round, 
the round, the square, and the triangular or three-cornered. 
All these are " full-tapered " files, that is, the sides and 
edges are about parallel for approximately a third of the 
length, after which all dimensions of the cross-sections di- 
minish toward the point. 
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Other files are made the same width for the full length, 
but tapering in thickness^ such as the hand file and the pillar 
file. Others, again, are made of parallel thickness but 
tapering in width, such as the warding file. There are also 
files which are the same size throughout, or nearly so; the 
" equaling " file and some saw files are examples. Mechanics 
often speak of files as either " taper " or " blunt," to dis- 
tinguish between tapering files and those of parallel width 
and thickness. 

♦ There are many varieties of files based on the shape or 
proportion of their cross-sections. Their names, as may be 
understood from those already given, often indicate these 
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Fia. 16. Fig. 17. 

Shapes of Files and their Uses. 



shapes, and the shapes suggest their uses; Figs. 16 and 17 
illustrate some of them. 

•Another file used to some extent in the shop is the mill 
file, so named because of its special cut and adaptation to 
the teeth of the mill saw. It is also called a float. The 
cut is single, not double as in the ordinary files, Fig. 18. It 
is used mostly upon rotating work, in the lathe, but should 
be avoided for many reasons. In the first place the lathe 
tool should be used to finish the work, without reliance 
upon filing to obtain a fit. If finished with the tool the 
work will be round; if filed, probably not round; but if 
it does become necessary to use the file, have the speed 
high and the stroke slow. This, of course, refers to the 
smaller diameters; large diameters must necessarily run 
slower, and the stroke must be still slower. 
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The term *' safe edge " means that one edge is smooth, 
without teeth. 

The sharp drawn-out point upon which the 
handle is fitted is the tan^. The part of the 
file nearest the tang is the heel. 

In the earlier days of files, they were made 
by hand and the teeth were more or less irregu- 
lar, depending upon the skill of the mechanic 
who cut them. Some of the teeth were higher 
than others, thus giving fewer cpntact points; 
this proved desirable, but the cost of hand- 
made files was necessarily great. Now, ma- 
chines are used whereby the cuts of the teeth 
are increased or decreased, giving the same 
effect as the earlier hand-cut files. These are 
called increment-cut files. 

The life of a file depends largely upon the 
metals filed. Tool steel approaches the hard- 
ness of the file teeth, consequently the life of 
the file will be shorter when used on it than on 
the softer metals. Avoid using good files on 
the scale of castings or forgings, for it is very 
hard. Scale should be removed with the edge of the file 
only, no matter whether the file is old or new. • 

6. Selecting the File to be Used. First in order is the 
selection of a file to do the required work. In making the 
selection, the kind of metal must be known, and whether a 
narrow or broad surface is to be filed. Cast metals are harder 
to cut with files than wrought metals. Consequently, 
on the former we use new files and, on broad surfaces where 
much metal is to be removed, we use coarse or rough-cut 
files. After these files are worn beyond the economic point 
for cast metals, they will be found still serviceable for 
wrought metals. 

Always avoid a file that is very thin, as it bends readily 
under usage, and will give a rounding surface. Much time 



Fig. 13. 
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can be saved in filing by keeping the file free from its cuttings, 
as they tend to fill in the spaces the teeth and pack solid, 
thereby reducing the depth of bite of the teeth. A sharp, 
light blow on the edge of the file will remove most of the 
filings, but the file card, made for that purpose, is better. 
By chalking the face of the file, this clogging of the teeth 
can be obviated to a great extent, especially on cast metals. 
In wrought metals the filings become wedged into the grooves 
of the files, and pinned between the teeth, and thus score 
and scratch the work. This is avoided in part by using a 
little oil or turpentine on the face of the file, but oiling is 
permissible only on fibrous materials such as wrought metal, 
never on non-fibrous or cast metal. 

7. Cast-iron Filing. The exercises suggested for practice 
in filing are as follows: 

1. Angle plate. 

2. Corner plate. 

3. Gauge blocks. 

4. Template. 

Our first lesson is cast-iron filing on a broad surface. A 

roughing file is selected, having con- 
siderable convexity or curve on both 
sides, as in Fig. 19. Be careful to see 
that the handle is properly affixed to the 
file, for this is most important to the 
beginner. A well-made handle, properly 
ferruled and smoothed, should be sel- 
ected, and made to fit perfectly on the 
tang of the file, practically for its entire 
length. To do this, take a worn-out file 
of the same kind you are about to use, 
heat the tang red hot and force on the 
handle, sighting frequently to get it 
straight and in line with the file. A worn 
file is mentioned simply to avoid an error 




Fig. 19. — Roughing 
File. 
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commonly made by beginn^;^ in fitting handles^ and that 
is the drawing of the temper in the heel of a new file while 
heating it. When it is necessary to heat the new file, dip a 
piece of cotton waste into water and wrap it around the 
heel of the file to keep the temper from being drawn. 

The reason for selecting a file with convex sides as in 
Fig. 19, is this: The greater the number of teeth bearing 
on the work, the greater must be the pressure applied to 
make the file bite or cut. With all the teeth in contact 
great pressure would be required, whereas, if only one- 
quarter have contact. Fig. 20, the pressure would be re- 
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Fig. 20. 



duced three-quarters. Files are made with convex sides 
purposely, therefore, but sometimes they warp in harden- 
ing, and all the convexity is on one side, while the other side 
is hollow. In beginning work, sight along the edge of the 
file and use the convex side. 

It is plain that the longer the bearing along the work 
surface, the more easily can the file be balanced. This 
balancing is the first step the beginner should acquire. 

We now know four important things: First, new files 
are to be used for cast metals. Second, coarse files are used 
for removing much stock from broad surfaces. Third, the 
value of the convexity of the file. Fourth, the importance 
of balancing the file. 
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Exercise 1 — ^Anqle Plate 

The first exercise may be the angle plate already chipped. 
Place the work in the vise so that it will be slightly below the 
line of the elbow. This enables you to apply the pressure naturally 




Fig. 21.— Holding the File. 

and with less effort. Grasp the file with the end of the handle 
well back agunst the palm of the hand, as in Fig. 21, the left 
palm resting on the end of the file, and the elbow of the left arm 




Fig. 22. — Crossing the File Marks. 

raised, for with that arm the pressure is applied. Make the 
stroke forward as indicated by arrow A, with side tendency of 
arrow B. 

In rou^uDg down a surface it is permisable to cross and recrosQ 
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your file marks, as in Fig. 22. This is an economical method 
when much metal is to be removed, but is permitted with only 
the coarse files. The reason it is economical is that the file makes 
grooves along the surface, hence, by changing the direction of the 
stroke, the tops of the ridges left by the file in the former cut 
are removed. It is preferred, however, to avoid the crossing, 
even with rough files, because it takes the beginner longer to 
learn straight, flat filing, and for this reason: In filing from right 
to left, Fig. 23, the right arm is following in a line close to the 
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FiQ. 23. 




body and with short leverage, while in filing from left to right, as 
in Fig. 24, the arm leverage is e:rtended, which lessens the student's 
control of the file. 

Stand naturally at the vise. Make a full stroke forward, 
keeping the right foot well behind the left, and balance on the 
left when making the stroke. Avoid short, jerky strokes; accus- 
tom yourself to the long, easy strokes, not applying much pressure 
imtil you have accustomed yourself to the proper return stroke. 
The pressure is always applied on the forward stroke and relieved 
on the return. The file is always returned resting on the work, 
as the file balance is thereby preserved. The file must be firmly 
held, because the object is to make the stroke a straight and level 
one. 
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After the coarse file has been used and a true surface obtained, 
a second-cut or smooth file is used to produce a finer finished sur- 
face by reducing the file marks. Crossing the file marks is not 
permitted with the finer file. 

This filing, lengthwise of the file, is called cross-filing, but 
the term should not be confused with '^ crossing the file marks.'' 

When the surface requires very little work to level, a second- 
cut file is used, but more care must be exercised in length of 
stroke, etc. 

After the first side of the plate is completed, the second is 
filed square with it. 

Exercise 2 — Corner Plate 

Upon narrow work like the corner plate a worn file should 
be used. Where much metal is to be removed, the edge filing is 

economical, as in Fig. 25; the contact 
area being small, the bite of the file is 
free. When the surface is both nar- 
row and thin, as in Fig. 26, the filing 
should be straight across its width, 
thus giving the desired straight work, 
while the error due to poor filing is 
reduced to the minimum. 

Fig. 25.— Edge Filing. In filing an mside comer, as in 

Fig. 26, the safe edge, second cut file 
is used to protect one surface while filing the other. Two 
pieces are necessary to check the accuracy of the filing, and if 
correctly developed they should fit in either position, as indicated 
by Fig. 27. This exercise is designed primarily to teach accuracy 
by the sense of touch, which is more sensitive to error than the 
sense of sight. This is accomplished by trying the two pieces 
together and by using the calipers to test the width and parallelism 
of each leg of the plate; variations which cannot be seen can be 
felt. 

The opportunity for economy is illustrated here, and this, 
by the way, should be considered in every step taken by the 
student or apprentice; if these small, thin pieces were cast 
separately, a machining operation would be necessary to get a 
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working iaoe. The chances are, also, that the metal would be 
harder to work, owing to the quicker chill ci such aniall pieces. 
Fig. 28 shows cleariy the way to avoid these difficulties by casting 
long bars of the proper shape and then sawing off pieces of the 
required thickness. 

In this comer-filing exercise there are but two settings of 
calipers, as the piece has been developed with sizes that are inter- 
changeable for the reasons already set forth. 

Skill does not come from thoughtless repetition. Skill results 
from the combination of brains and hand, and can be attained 
in surprisingly short time if common sense is brought to bear 
upon the method of attacking each step of the problem* 



ExEBCiSE 3 — Inside and Outside Gauge Blocks 

The next exercise. Fig. 29, is designed to teach still greater 
acctu'acy. It furnishes a method of checking inaccuracy. The 




Fig. 29.— Plug Gauge Filing. 
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outside edges of the inside gauge block are first squared and 
made parallel. The outside or plug gauge is then filed, using the 
calipers as accurately as possible. Finally the slot is filed, the 
calipers being used to size the legs and make them parallel; this 
should leave the sides of the slot parallel also. The plug should 
be used for sizing the slot. It should be turned end for end in 
the slot and also at right angles to the plane of the block, from 
time to time, to check the parallelism; if it fits in the top and 
bottom of the slot and not in the middle, it is clear that the work 
is roimding; that the student is not holding his file flat, but is 
rocking it. 

Exercise 4 — Rack-tooth Template 

In the exercise. Fig. 30, the object is to teach accurate filing 
and also to bring out a vital point in the simplest possible form, 
viz., where the error in the work actually is. 



\ 
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Back Tooth 
Template 




Fig. 30. 



To remove metal in the wrong place spells failure, as the 
workman discovered who filed only the spots on the valve seat 
that did not touch, because he already had a good bearing on 
those si)ots that did touch! 

The rack-tooth template, to be of any value, must have like 
angles on the sides of the tooth. By repeated reversing of the 
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tooth in the slot, using a glass plate to keep both pieces in the 
same plane, any error is easily located, but study of the error 
must be made to determine whether it is on the tooth or the side 
of the slot, or both. 

8. Draw Filing. The last lesson on filing treats of finish- 
ing work by draw filing, in which the motion of the file over 
the work is at right angles to its length. As draw filing 
follows cross filing, only the finer files should be used. The 
file is held as in Fig. 31. Remove the handle to balance 
the file better and grasp the latter as close to the work as 
practicable. As the face of the file is convex it will pro- 
duce a concave surface on the work unless the file is changed 
in position frequently. 




Fig. 31. — Holding the- File in Draw Filing. 

It is plain that very accurate work will follow careful 
draw filing, and even the beginner can get a good result 
by this method. The file does not cut so deep, with a given 
pressure; therefore it does not remove much metal and 
removes it only where needed, hence the accuracy of the 
work. It also gives a finer finish, as the grain or lay pro- 
duced by draw filing will be in the direction of the stroke. 

On fibrous material oil is frequently used in draw filing 
to lay the grain, as mechanics call it, and to give a finer 
finish. After finishing with the file, chalk it well and use 
the file card. Do this several times and the file will be 
clear of oil, the chalk having absorbed it. 

9. Summary and Notes. Chipping and Filing. The first 
step in vise work is the introduction of those crude but 
necessary tools for either machinist or tool maker, the 
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hammer and chisel, not because the manufacturing world 
to-day demands a product from these tools, but as the sim- 
plest and quickest method of impressing the student with 
the value of the cutting angle and with the principle that 
the lighter the chip the lighter the blow, or that the force 
applied should approximately equal the resistance of the 
metal being cut. 

Second Step. The introduction of other chisels for purely 
economic reasons; the best way to remove metal on surfaces 
wider than the flat chisel in order to keep the whole surface 
more nearly in a plane; the more regular the chipped surface, 
the better the filing which follows can be accomplished. 

Third Step, The introduction of different files, and 
methods of using them, and the training of the sense of touch. 

Fourth Step. Checking the inaccuracy of both eye and 
touch by a positive method. (Plug gauge.) 

Fifth Step. The making of a working tool, and in mak- 
ing it to teach the method of exactly locating an error. 
(Template.) 

The proficiency of any course depends entirely upon 
how closely the details are followed, and those who are will- 
ing to give these exercises a conscientious trial will satisfy 
themselves that the course outlined is based on good practice. 

The workman should grind his own chisels, under com- 
petent direction, and, during the elementary work, lathe 
tools which have not been hardened should be given as 
filing exercises, so that proper angles, rakes and clearances 
can be studied before advancing to machine tools. 

The lathe tools also will furnish elementary use of the 
gas furnace in hardening and tempering, at a period when 
loss by failures is reduced to a minimum. 

Never rub the hand or finger over the work if filing cast 
metals, as the hand is coated with oil and it makes the sur- 
face hard to file. 

Filed surfaces should be protected in the vise by either 
soft copper clamps or leather jaws. 



24 MACHINE SHOP PRACTICE 



QUESTIONS ON FILING 

1. Which is the easier metal to cut with a file, cast iron or 
wrought iron? 

2. Should a new or old file be used on cast iron? Why? 

3. When should coarse files be used? 

4. What are some of the most important things to be considered 
in selecting a file? 

6. Of what use is the convexity of a file? . 

6. What advantage is gained by cross-cutting the teeth of a 
file? 

7. In making the forward stroke in filing, should the side 
tendency be toward or away from one's body? Why? 

8. Should the file be lifted from the work on the return stroke? 

9. On narrow work should an old or new file be used? Give 
reasons. 

10. What can be done to keep cast-iron filings from clogging 
the file? 

11. When greasy, how would you clean a file? 

12. Should the scale on castings be removed, prior to finish- 
ing the surface? . 

13. What are the objections to handling or fingering the sur- 
face which is being filed? 

14. On the short side of the " corner plate " exercise, which 
way should it be filed? On the long side? 

16. What is meant by the term " draw-filing"? 

16. What are the three common kinds of files, depending on 
their fineness? 

17. What is meant by single-cut and by double-cut files? What 
are the advantages of each, and where are each used? 

18. What is the advantage of a safe edge on a file? 

19. Describe in detail the position of the workman at the vise, 
in relation to his work, its height, etc. 



CHAPTER III 
SCRAPING 

Its value in the field of machine construction. Shapes of scrapers 
and their various uses in the trade. How plane surfaces are 
developed. Theory underlying it. 

10. Scrapers and their Proper Uses. Our next step is 
to take the filed surfaces down to a more accurate finish, 
and to do this we employ hand tools called scrapers. 

The first question that naturally arises in the mind of 
the student or beginner is, " Why is it necessary to scrape 
a bearing surface when the work seemingly comes from the 
shaper or planer with a true surface?" Does it come from 
the machine true? All work that requires clamping or 
binding in place on a machine, has thereby certain pressure 
brought upon it, which tends to distort its shape, and, 
no matter how delicately clamped, it will be affected to some 
degree. No matter how solidly the work may be bedded 
on the platen of the machine, nor how well it may be sup- 
ported against compression by the clamps, it will spring, 
although the deflection may be almost imperceptible. An- 
other reason is found in the very nature of castings, which, 
no matter what the metal is, change their shape after the 
scale is removed. 

The use of scrapers requires a dehcacy of touch we have 
not quite attained in our use of files, but we first study the 
tools, as in our earlier lessons, to learn their natures before 
attempting their use. Fig. 32 gives one style of scraper, 
double-end type, made from ■^" octagonal steel, flattened 
on both ends and hardened as hard as fire and water will 
make it. These should be ground straight along the 
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edge E and not rounding, as shown in Fig. 33, for reasons 
which will be made clear to you afterward. A wooden 
block or handle may easily be fitted over the upper end of 
this scraper to protect the hand. An old, high-grade file, 
properly tapered and with the teeth removed by the emery 
wheel, makes a very satisfactory flat scraper. Another 
style of scraper is shown in Fig. 34, used mostly for bearing 
surfaces where you cannot get a free use of the straight 
scraper. Still another style of scraper, Fig. 35, is made 
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Fig. 32. Fig. 33. 



Fig. 34. 



Fig. 35. 



from a worn-out, half round, smooth file, having all the teeth 
removed. This is used principally for journal and box 
work for rotary shaft bearings. 

The scraper is ordinarily pushed away from the work- 
man, and the pressure is applied on this forward stroke, 
being relieved on the return. The opposite is true in the 
case of the one shown in Fig. 34. That shown in Fig. 35 
is moved in a direction at right angles to its length. An 
old three-cornered file may be converted into a scraper, 
and used in a similar way. Fine emery cloth wrapped over 
the end of a hardwood stick is sometimes used in lieu of a 
scraper. 
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Only high-grade steel, whether in new stock or in old 
files, should be used for scrapers. Any saving here is more 
than offset by the time lost in frequent sharpenings. 

On account of the great hEirdness of the scraper, special 
care is necessary to avoid drawing the temper when grinding. 

11. Scraping Surface Plates. The first essential step 
in scraping a flat plate is to try the plate with straight- 
edges to see if there is any wind or twist. This is done by 
placing the straightedges on both edges of the plate and 
sighting over them. The straightedges being consider- 
ably loiter than the plate, the error will be so multiplied 
as to be easily seen. If there is much twist, file the high 
comers, as that b the most economical way. 



Fig. 36. Fig. 37. 
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Fig. 39. 



To scrape a pair of surface plates accurately a third plate 
must be used, as it is possible to scrape two surfaces together 
and still have the surfaces out of true, as in Fig. 36. We 
might take 3 plates and mark them A, B, and C. Try A 
and B together, as in Fig. 37. Then B and C, as in Fig. 
38, after which any error will be readily discovered by try- 
ii^ A and C together. Fig. 39. That is, A and B may be 
so scraped as to fit together, but with curved surfaces instead 
of plane surfaces. Plate C may be similarly scraped to a 
fit with B, without being true, but the errors axe clearly 
evident when A and C are tried together. The reason why 
three plates are necessary, therefore, is that one acts as a 
gauge to the other two. 
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The large, standard, surface plate which is found in all 
modem machine shops may be used as the third or master 
plate, but care should be exercised in usu^ it. For instance, if 
the small plates are rubbed on it in one place only, that place 
will wear and the standard plate will become untrue and 
useless; therefore, in using it rub the work aloi^ the outer 
parts and comers as well as in the center. After rubbing 
the plates together, using a very light coating of red lead, 
Prussian blue, or lampblack, the high spots will show, if 



Fig. 40. 

rubbed loi^ enough. The spots will appear brightest where 
rubbed hardest; these only should be scraped. Before 
scraping, the contact may be at only a few points, wide 
apart. As these high points are scraped down we gradually 
obtain contact at many points, close together. The wide, 
flat scraper is used almost flat on the work, to avoid groov- 
ing; that b why the scraper should never be ground round- 
ing as in Fig. 33, page 26. A rounding edge makes deep 
grooves, and as our object in scraping is to reduce the hills 
to the level of the valleys, we want to avoid making addi- 
tional valleys with a rounding scraper. In finishing our 
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surface, we first scrape in one direction, then in another, 
between the parts abeady scraped, which gives the appear- 
ance shown in Fig. 40. 

There are certain places where scraping is used to a great 
extent: for instance, on the ways of a lathe, or the ram of a 
shaper. In these cases the parts themselves are used 
together, one bearing being worked into the other. 

Do not get the idea that scraping is merely to help the 
appearance of work. It is sometimes employed for that 
purpose, but its real value is in obtaining more uniformly 
fitting surfaces which bear, and wear, upon each other. 
As the area of contact is increased the wear is much slower. 
It may come to the student as a new and surprising thought 
that, when it is necessary to obtain the finest, most accurate 
surface, we must look to the simple tool and the skilled hand 
rather than to the machine. 

QUESTIONS 

1. What is the value of scraping? 

2. How should scrapers be ground? 

3. What is the result if they are not properly ground? 

4. How are the bearing points determined? 

6. What materials are commonly used to show contact points? 

6. What is the disadvantage of using red lead or Prussian 
blue too thickly? 

7. Why is it necessary to use three plates? 

8. What is the advantage of changing the direction of the 
scraping stroke in scraping a surface? 

9. What is the advantage of a master plate? 



CHAPTER IV 

HAND TOOLS— PRACTICE 

Speed Lathes 

The field for hand-tool work, what it teaches. Conditions to be 
studied. Shape and different uses of hand tools. The rest, its 
proper relation to the work. 

12. Hand-tool Work. The importance of the speed 
lathe cannot be too greatly emphasized, not because the 
product from hand tools is in demand, for, on the contrary, 
the machine has become obsolete from that standpoint, 
but because of the rapidity with which the principles of 
proper cutting angles of tools, the different rakes, clearances, 
etc., can be learned. The beginner has the opportunity 
of comparing values; that is, by holding the tool at one 
angle a certain definite result is secured, while in taking 
another cut at a different angle a different result is obtained, 
thus allowing a comparison between the first and second 
set of conditions. The proper elevation of the cutting edge 
of the tool for different metals may also be determined. 

Here also, as in no other machine in the shop, can the 
student learn the disadvantage of end thrust and of loose 
spindle bearings. The impression prevails that in running 
at a high rate of speed a great amount of play is necessary 
to prevent heating of the journals, but if they are properly 
fitted to start with and the necessary care is exercised in 
oiling, end play is not necessary. 

In using the hand tools the rest, Fig. 41, should be set 
close to the work, and at such a height that the cutting 
edge of the tool can be brought to the center of the work 
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to be turned; the fingers of the hand should grasp the tool 
on the bottom side and the thumb should hold the tool 
down on top. 




Fig. 41. 

A small universal chuck is a requisite of the machine, 
and should be used without strain; the work should be 
centered for the purpose of using the tail center as an end 
support. Herein lies an element of danger; the work, 
traveling at a high rate of speed, generates friction on the 
center, and quickly dries the lubrication, hence a thin oil 
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Turning and Finishing Tool. 
Fig. 42. 
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Cut ting-off Corner Tool. 
Fig. 43. 





Turning Tool. 
Fig. 44. 



Cutting-off Tool, 
Bight and Left.. 

Fig. 45. 



is not good; soap or tallow will prove more efficient and 
lasting because, being heavy, it requires a higher degree of 
beat to melt them. 
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The handles should fit well up on the tools, and to insure 
this, the tang of the tool should be burned into the handle, 
the same as a file. 

Figs. 42, 43, 44 and 45 are different types of tools for use 
in the speed or hand-tool lathe. Fig. 42 shows a diamond 
point, for turning. Fig. 43 a side tool, for facing, Fig. 44 
a round nose, for brass turning, and Fig. 45 a cut-off tool. 

QUESTIONS 

1. Describe the different kinds of hand tools and their particular 
uses. 

2. Why can proper cutting angles and clearances be best learned 
by hand tools? 

3. What is one of the most important requirements about the 
machine upon which you do hand-tool work? 

4. How should the tool be supported and held? 

6. Why is the consideration of leverage important? 



CHAPTER V 
MATERIALS OF CONSTRUCTION 

Different kinds used and why. Oast iron and its application to 
modem construction. Bronze and its function. Crucible steel 
and its importance. Theory of design. 

It is essential that the mechanic who operates a machine, 
as well as the student who is learning, should be thoroughly 
familiar, not only with the different kinds of material used 
in its construction, but also with the reasons for selecting 
a particular material for the given part 

13. Locating the Wear in a Machine. The experienced 
machine designer spends his best effort on the breaking- 
down point of the machine to the end that it be so located 
and the parts so arranged that they can be replaced at least 
cost in money and time. All machinery that is subjected 
to high speeds, therefore, is arranged to have the prepon- 
derance of wear take place in certain parts, as, for illustra- 
tion, the bearings of the machine. This necessitates the 
use of a softer metal for the bearings than for the shaft or 
spindle which runs in them. 

For rotating machinery two like metals are seldom used 
in moving contact; not because they will not wear well, 
but, chiefly, because too much of the wear would be dis- 
tributed on the shaft or spindle instead of being confined 
mostly to the bearings. Cast iron and cast iron can be 
used to run together eflSiciently if the area of the wearing 
surfaces is large enough to reduce the frictional wear to a 
minimum, but the size of the shaft and the whole general 
design of the machine would have to be on a very large scale. 
There are machines on the market to-day with cast-iron 
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spindles 8" to 12" in diameter that will be satisfactory just 
as long as the first piece of dirt is kept from getting into the 
bearings. 

For general spindle use, crucible machine steel lends 
itself economically to the design, as smaller diameters are 
available, due to the greater strength of the steel over cast 
iron. These spindles are usually designed to run in boxes 
or bearings of some softer material, such as brass or bronze 
or cast iron. As already indicated, the economic law con- 
trolling here is that the boxes can be replaced at less cost 
than could the spindle of the machine; hence, the softer 
the material in the bearing the less wear there will be to the 
spindle and the longer the life of the machine. This box 
or bearing is fitted into the casting which forms the main 
part of the machine; hence, the three materials of con- 
struction are: 

Cast iron for the main part of frame of the machine. 

Brass or bronze bearings which fit into this frame and 
are supported by it. 

Crucible machine steel spindles supported by and revolv- 
ing in the bearings. 

14. Bearing Boxes. Centers. The introduction of the 
bearings into the main castings is worth studying in some 
detail in order to emphasize the point already made. Take 
the headstock of a lathe, for example; if the steel spindle 
were fitted directly into the cast-iron headstock, after a short 
period the wear would be found to be in the softer metal 
of the headstock. This would mean the reboring and re- 
bushing of the headstock, a costly and tedious operation, 
which is avoided by the introduction of bearing boxes. 
Similarly, the center, which is now designed to fit into the 
main spindle, might be turned as part of the same, and 
although economy is not the only reason for inserted centers, 
the value of this feature of the design is equally obvious, 
for we can renew broken or worn centers without the out- 
lay of much time and money. 
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We do know that the mainspindle is designed to cany a 
tool-steel center, a harder material than the spindle itself, 
because the centers must withstand all of the crushing force 
of the whole load. They are also fitted to a taper. Why? 
Because they are more readily fitted into place, are easily 
removed, and, more important than all else, accuracy and 
alignment are always maintained, for, as the centers wear 
from constant taking oujt and putting back, they will go in 
farther, but the centralization is not affected. 

15. Shafting. Cold-rolled steel shafting would in no 
sense be classed with the materials of construction; its 
efficiency lies in the field for which it was specially designed, 
where it can be used without disturbing its outside shell, 
for line shafting and power distribution. When turned 
down, its efficiency is lost, and, further, due to the unequal 
strain of cold rolling, it will not remain straight. 

The materials of construction are so selected that the 
machine will have the maximum life with the minimum 
cost of up-keep. 

QUESTIONS 

1. What is the general theory of machine design? 

2. What metals are most commonly used in machine construc- 
tion? 

3. For what parts is cast-iron chiefly used? Why? 

4. For what parts is steel chiefly used? Why is it particularly 
adapted to such use? 



CHAPTER VI 

DRILL PRESSES 

Drills and Counterbores 

Different kinds of drill presses. How classified. Drills and their 
proper angles and how determined. Counterbores and their 
functions. Methods of holding tapers. The value of care in 
handling. Cleanliness as an essential. How the crushing effect 
is reduced. Different forms of drill construction. Speeds and 
feeds. Sectional boring bars for long holes. 

16. Drill Presses. Too little attention is given to the 
importance of these tools, and usually the beginner in the 
shop is found running them. 

The drill press in many of the shops of to-day is the only 
boring mill to be found in the plant. All kinds of work 
are possible on this type of machine. 

The usual designations of these machines are as folUows: 

The Sensitive Drill. The small press used for very 
small work; it is spring-controlled in its feed, which is by 
hand leverage. 

The Common Type of Floor Drill. Designated by the 
diameter of its round table, such as 16", 18", 20", 22", and 
24"; because of its columnar construction it is some- 
times called an upright drill. It has power feed as well 
as hand feed. See Fig. 46. 

The Radial Drill. There are three types of the radial 

drill, and by radial we mean a machine with an extension 

arm which carries the drill head. Radial drills include: 

The Plain Radial, in which the arm is solid and the drill 

head always at right angles to the arm, or in plane with the 

column. No angular work can be done on the plain radial. 
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Fig. 46.— W. F. & J. Barnes DriU Press. 
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The Semi-unitiersal, in which the drill head can swing at 
different angles, the arm remainlag rigid. Certain angles 
can be drilled on this type. The Full Universal, in which 



Fio. 47.— Radial Drill. 



the arm, and also the drill head, can be rotated at different 
angles. This enables the operator to drill at any angle. See 



There is also the Multiple Spindle Drill which, as the 
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name indicates, has more than one drill spindle and is 
capable of drilling more than one hole at a time. Drills of 
this type, of from two to six spindles, are frequently listed. 
17. Twist Drills. By far the most important boring 
tool in any shop is the twist drill. Formeriy this drill was 
made by twisting a piece of flat stock, which accounts 
for the name. Now the drill is made from a round bar of 
steel by cutting helical grooves in it. 






a b c 

Fig. 48. — Lip Clearance. 

The ordinary twist drill is described as having a ftody, 
a shank and a tang. Drills are made either "straight" 
or " taper " shank. 

18. Essentials of a Good Drill. Experience has proven 
that with no other type of boring tool have there been so 
many disappointing results, hence the student should early 
learn the essentials of a good drill. The modern, well-made 
drill has " longitudinal " clearance; that is, it is ground 
sUghtly tapering down from point to shank. It also has 
** body " clearance; this means that the drill is ground oflf 
slightly toward the back of the groove. In Fig. 48 c, the 



40 MACHINE SHOP PRACTICE 

diameter indicated by the horizontal line is leas than that 
shown by the vertical line, which is parallel to the " lips." 
These clearances are to avoid friction, and consequent heat- 
ii^, in the hole. 

It must be patent, also, that three thirds are important 
respecting the lips or cutting edges of a drill; first, they 
must make equal angles with the longitudinal axis of the 
drill; second, they should be properly cleared or backed 
off; and third, they should be of equal length. 






IkL. 



Fia. 49. — Result of Improper Grinding. 

The angle for iron and steel is from 59° to 60°, and for 
brass from 75' to 76°, — a greater ai^le in the latter ease" 
because of the tendency of the drill to hook into the softer 
metal, especially when the drill is about to break through 
the work. The angle of the point is a sure indication of 
the lip clearance, as illustrated at a, b, c, in Fig. 48. Too 
much clearance, as shown by h, will produce irregularly 
shaped holes. 

Fig. 49 indicates the results of improper grindii^;. One 
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lip is much longer than the other, hence the two edges are 
at diflferent cutting angles and only one lip cuts, making 
it impossible to drill holes anyivhere near the correct size. 

Another thing that gives considerable trouble is care- 
lessness about the point of the drill. It must be sharp, or 
else, no matter how keen the outer parts of the cutting lip 
may be, the drill will not work without considerable pressure, 
which in extreme cases tends to crush the drill. 

19. Accuracy in Drilling. A very important detail 
to observe in drilling is the starting of the cut. If the drill 
runs out of center before it begins to cut the full diameter 
of the hole, it should be drawn over to the center by gouge- 
chiseling that side of the conical hole which is nearest the 
center. If, from the same center used in laying out the hole, 
a circle is scribed somewhat smaller than the desired hole, 
it will serve to indicate more closely whether the drill is 
following the correct course. This is more important in 
holes that are to be rebored, for it is desirable that equal 
metal should be left on all sides for the next boring bar or 
cutter. In every instance where accurate drilling is desired, 
it is advisable to drill a small hole first, as in Fig. 50, so the 
large drill will hold the center more accurately. This also 
relieves the point of the large drill from acting as a pivot, 
and a hole of more exact diameter is obtained. 

Fig. 51 shows a " farmer '' or straightway drill, used 
successfully on cored holes. This is also available as a 
common bit for lathe work, by first boring the work to a 
size just deep enough for the drill to enter, and then by using 
the latter, feeding with the tailstock screw. 

Another small thing that defeats good work, — and the 
chance for promotion of many mechanics — is shown in the 
upper left-hand corner of the same illustration; a Uttle 
speck of dirt or a small chip came between the drill shank 
and the socket and made a depression in the drill shank 
every time the latter was driven up into the socket, until 
the shank had a pock-marked appearance. It is just as 
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important that the shank of the drill should fit the socket 
of the drill spindle, as it b to have the centers of the lathe 
fit the sockets of the lathe spindles. 



Via. 50. — Small Hole to Hold the 

Larger Drill to Center. 



Fia. 51.— Farmer Drill. 
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20. Drill Speeds and Feeds. The accompanying table 
shows the speeds at which various drills may be run. As 
to the feed, remember that this depends entirely on the 
speed at which the drill rotates, and that to get the best 
results with a drill the highest speed possible for each par- 
ticular size of drill is essential. 
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21. Drilling Long Holes. In many cases it is desired 
to bore holes of small diameter, but of great length, as of 
a tube; such, for example, as core barrels for rock drilling, 




Fia. 52. — Borii^ Lot^ Holes of Small Diajneter. 

where the tube is from 10' to 14' long and as small in some 
cases as 2" in diameter. 

Fig. 52 will give an idea of the method by which such 
holes may be bored with very satisfactory results, and in . 




Fia. 53— Boring Bar. 

Fig. 53 the borii^ bar is shown in detail. The bar is made 
up of sections, say 3' long each, so constructed that they can 
be joined together into one long bar. The work is sup- 
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ported in the lathe by two steady rests and is clamped to 
the carriage of the lathe by means of wooden clamps, specially 
constructed to suit each individual case. The steady 
rests are only used to guide and support the tube as the 
carriage advances, carrying the tube with it. The end of the 
tube is first bored to a depth of about 2" with the ordinary 
boring tool, and made the required size. The bar is then 
inserted until the cutter head reaches the bored end of the 
tube, which the guide ring on the outer end of the head should 
fit nicely. The tube is then clamped to the carriage, sup- 
ported by the steady rests, and the other end of the bar 
is held by the lathe chuck. Allowance should be made 
for the tube to travel a distance equal to the entire length 
of one of the boring-bar sections. When the tube is advanced 
this far, one of the sections of the bar is unscrewed and laid 
aside and the chuck engages the end of the next section, 
and so the work proceeds until completed. It should be 
observed that the face only of the tool should be used as a 
cutting edge, while the outside simply acts as a guide. 

22. The Counterbore. In Fig. 54 is shown another 
common type of boring tool more generally known as a 
counterbore, but it is used to a great extent as a boring tool 
proper. It is important that there be two cutting edges, 
to balance or equaUze the resistance and insure roimd holes. 
Too often we find it used as a fly cutter, as shown at the 
left in Fig. 54, without the advantage of speed which is 
essential to the success of a fly cutter. When the cutter 
takes up its work, the resistance due to the chip tends to 
push it away, and this strain is carried entirely by the bush- 
ing or guide pin of the bar, resulting in the lapping out or 
uneven wearing of the hole. This means only one thing, — 
the counterbored part will be neither round nor of the size 
intended. 

When a piece of work is irregular in shape, and in cases 
where the boring mill is not available, the drill press must 
be converted into a vertical mill. The work is clamped 
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to the table of the drill-press and the boring bar is carried 
by the drill spindle at its upper end, and is guided at its 
lower end by a bushing in a hole at the center of the table. 
This is also shown by the left-hand cut in Fig. 54, 



Fig. 54. — Counterbore. 



QUESTIONS 

1. Describe ia detail the essential features of a well-made drill. 

2. What should be the angle of the lips of a drill with the 
longitudinal axis, for cutting iron and Ht«el? For brass? 

3. What is a sure indication of the lip clearance on a drill? 
Give sketches illustrating this clearance, as well as a description. 

4. What is the effect of too much clearance? 

G. Give sketches showing the result of improper grinding of 
drills. Explain these. 

6. What is the result of using a drill with a thick point? 

7. If a drill runs out of center in Btarting a hole, how may it 
be drawn into center again? 
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8. How would you start a drill where very accurate work is 
required? 

9. Give a sketch of a " fanner " drill, and tell on what class of 
work it is used. 

10. Give a table of feeds and speeds of various sizes of drills. 

11. Give sketches and description of method of drilling very 
deep holes of small diameter. How is the boring bar constructed? 
How is the work fed to the boring tool? For what are the steady 
rests used? How is the cut started? 



CHAPTER VII 
PLANERS AND SHAPERS —PRACTICE 
Planer Principles 

Their proper classification. Fundamental principles. Clamping the 
work. Strains, their action on work. Feeds and timing of same. 
Setting up tools. Appliances for planer and shaper for different 
types of work. Value of parallelism between the cross-rail and 
platen. Methods of proving parallelism. Method of proving 
accuracy of vise. Order of handling work. Apron and its func- 
tion. Shapers. 

The mere doing of work is to the workman what dessert 
is to a good dinner; it is the study of conditions and methods 
which is really the substantial meal. The valuable man 
is he who can plan these methods after acquainting himself 
with the conditions; the cheap man can carry them out. 
This chapter will deal with conditions the understanding 
of which is essential to the mechanic, be he machinist or 
engineer. 

23. The Planer. The planer is the simplest of machine 
tools to manipulate, and one can obtain fairly good results 
with limited knowledge of the tool itself. It is designed 
to take in a wide range of work with respect to size and 
weight. 

The first important point to observe is that conditions 
change every time the cross rail is raised on the housings 
to accommodate the machine to varying heights of work. 
Observe that the means of raising the cross-rail is by screws 
at either end, these screws receiving their rotary motion 
by means of bevel gears engaged from a common shaft, 
Fig, 57. This method does not give assurance that both 
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ends will rise to the same height. Understand that this is 
no criticism of the design of the machine, but that the nevr 
condition is correct is too often taken for granted and pos- 
sible errors are ignored. 

If the rail does not rise equally at both ends (and in nine 
cases out of ten it does not), it will not be parallel to the 
platen, a condition upon which the accuracy of our work 
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Fig. 67. — ^Raising and Lowering Gear of a Planer, showing the 
action of uneven setting at the sides, dotted lines showing uneven 
setting and the wedge showing the resulting work. Distances A and 
B should be equal. 



depends. The work will be planed wedge-shaped, as in 
Fig. 57. Therefore it is evident that this condition must 
be important, and that errors must be corrected. 

24. Testing for Parallelism. The first duty of the 
operator, then, is to prove the correctness of the relation 
between the cross-rail, — on which the tool head travels — and 
the platen. This is done readily by placing a rod or a tool 
in the tool post and, by means of inside calipers or a stand- 
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ard plug gauge, getting contact on the extreme ends of the 
rail. If any difference exists, loosen the nuts which hold 
the cross-rail, on one side only, when, by means of the handle, 
the cross-rail can be adjusted the slight amount necessary. 
A more accurate way to obtain parallelism is shown 
in Fig. 58. Use a round rod with convex end, leaving only 
a point contact; bring this rod down by means of the screw 
which operates the tool slide, to within a few thousandths 
of an inch of the platen and, by means of a piece of hard paper 
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Fig. 68. — Method of Testing for Even Setting. Contacts at O and 

P should be the same. 



such as a white envelope, get a contact, using the paper to 
feel the contact, and then proceed as before. This, of 
course, refers to work that is clamped directly to the platen, 
but in many cases the work is held in a chuck clamped to 
the platen. In such case other conditions enter which are 
not taken care of by the same means, although this should 
always be the first condition looked to. 

26. Determining the Proper Position of the Jaw. In 
chuck work on a planer, or in vise work on a shaper, the 
movable jaw of the chuck is constantly subjected to wear, 
and is used only as a clamping jaw; so the second important 
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point to determine is whether the stationary or dead jaw 
of the chuck is at right angles to the plane of the tool travel. 
This is done as shown in Fig. 59, by delicately clamping a 
true square in the chuck and getting contacts on the extreme 



l\od in 
Tool Post 




Fig. 59. — Testing Accuracy of Travel of Shaper Tool. 

ends of the square blade as we did on the planer platen. 
If an error exists, the jaw should be taken ofif and ground, 
or packed with thin sheet metal, until the error is corrected. 

26. Planing a Parallel Strip. With the best of con- 
ditions, however, unless the student executes his work 




Fig. 60.— a Parallel Planer Strip. 

in logical sequence, he will have trouble in planing or 
shaping a piece square and parallel. To better illustrate 
what difficulties are to be met, we will consider the opera- 
tions in planing the simplest piece of work, — a bar of cast 
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iron designed for blocking purposes and commonly called 
a parallel strip, Fig. 60. 

In beginning actual work on the planer, first study 
what you are going to do. Plan the method which will 
bring the result you desire. Different metals require dif- 
ferent methods; for instance, cast iron will need different 
chucking or clamping on the platen of the planer than 
wrought steel. Why? Because the making of a casting 
is such that it has certam conflicting strains and tensions 
upon it, due to the outer surface becoming chilled from 
contact with wet sand and air while the inner part is still 
warm and expanded. This places a strain upon the scale 
or skin of castings. The removal of this scale from any side 
allows the metal to adjust itself to these internal strains, 
and the new surface will not be true; hence, to get accurate 
results m planing castings, rough out the work all over, and 
afterward finish. This same law will hold good in machin- 
ing castings on a planer, shaper or lathe. 

It must be remembered, too, that a certain amoimt of 
draft is given to all patterns, to enable the molder to draw 
them from the sand hence the castings will not have 
parallel sides to start with. 

In work of this character, therefore, one of the largest flat 
surfaces. A, Fig. 60, should be machined first and used as a 
working face. The face A is then clamped against the true 
or dead jaw of the vise and the edge B machined, after 
which the opposite edge C is finished, keeping the work- 
ing face, A, always against the dead jaw. Lastly, D is 
planed. 

This order will insure accurate planing. The reasons 
for this method are as follows: We know that the sides of 
the casting are not parallel, to start with; we know that 
the movable jaw is constantly subjected to wear so that. 

Note. The first three pages of Chapter IX, Cutting Tools, 
should be carefully studied in connection with this consideration 
of the planer. 
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in clamping work, as soon as the pressure necessary to 
hold the work is brought to bear upon it, this jaw raises 
according to the amount of wear, and tends to lift the work 
with it. The jaw will, invariably, conform to the irregular 
sides of the casting, so that, as one flat side is machined 
and we attempt to machine the opposite side, this difficulty 
always confronts us. A good method for overcoming this 
tendency to raise the work is to insert a round rod, as shown 
in Fig. 61; any lifting of the movable jaw creates only a 
rolling motion on the rod, and does not affect the work. 



Dead Jaw 



n I I I I — I — L 



B- 



<J 



Vise 



■ I ■ ■ I.. 



Q 



F:c. 61. — Device for Getting True Work in a Planer Chuck. 



27. Wear on the Tool. The tool-holder proper, indicated 
by B, Fig. 62, being pivoted on the rod F, provides for the 
lifting of the tool, primarily to avoid wear on the tool during 
the return stroke of the machine, in horizontal planing. 
This wear will be obviated in some degree if the machinist 
gives proper attention to the timing of the feed of the tool. 
Let us see if this is not an important point: The resistance 
of the cut or chip to the tool is granted; this causes two 
deflections of the tool, the horizontal, which tends to push 
the tool back from the chip, and the lateral, which tends 
to push it away from the work, sidewise. This lateral 
deflection or spring is at right angles to the plane of the 
cutting edge, as illustrated in Fig. 63. This means that 
the tool does not cut its full feed, but springs away from 
the work, and this makes it necessary to design the tool 
box to lift on the return stroke, and ride free. As it is not 
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deflected by resistance upoa the return it drags slightly, 
producing wear upon the tool. If, now, the feed takes 
place at the end of the stroke, the tool has to drag back 
over the metal that has not been cut, and the wear on the 
tool IB proportionately increased. The feed should take 
place, therefore, between the point of reverse and the begin- 



iSBSeOQ 
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FiQ. 63.— Direction of Deflec- 



ning of the cut, enough distance being allowed in setting the 
back stop to insure the full feed, and if a little ^r is cut, 
from which no chips can be seen, the loss will be more than 
made up in the saving of the operator's time in grinding 
and resetting the tool. 

28. Ftmction of the Apron. The reasons now being 
clear why the tool box is made to lift, a word about the 
apron, of which the tool box is a part. Its function ia too 
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often ignored, sometimes intentionally but more often 
from ignorance. That it has a distinct use is apparent 
from its cal^eful construction. It is so arranged as to swing 
on a pivot which is located at about the center, X, of the 
box, By Fig. 62; from this center the arc, C, is described. 
In vertical planing, the apron is moved right or left depend- 
ing upon which side the machinist is working. This mov- 
ing from the vertical position changes the center line of the 
tool so that, in rising, the tool swings away from the work 
and is relieved from drag on the return stroke. Fig. 62 
indicates by arrows the direction of apron throw; planing 
to the right, S, and to the left R. 

29. Clamping Work. In working directly on the platen, 
the first important step, after seeing that conditions are 
right, is the clamping of the work upon the machine. If 
a piece of work were laid on the platen with no stops or 
clamps to hold it, and the machine started, the work would 
be shoved along bodily, as soon as the tool came in contact 
with it; hence the first step should be to see that proper 
stops are placed to resist the cutting force. As there is 
really no tendency on the part of the tool to raise the work, 
only sufficient clamping is necessary to keep it solid. The 
work should be well wedged if it does not rest level on the 
platen, especially under the clamps, so there will be no 
spring of the work due to clamping, but in every case the 
clamps should be relieved of most of their strain before 
taking the finishing cut. 

There are many devices for clamping work, but these 
again are only secondary; the prime feature, as indicated, 
is to have the work clamped without spring. 

In clamping, another thing too lightly considered is the 
fulcrum of the clamp. In common practice this is mors 
tightly clamped than the work itself. Fig. 64 will illustrate 
clearly this point. 

For very thin work a good method of clamping may be 
found by gashing in each end of the work with a milling saw, 
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as in Fig. 65. Another convenient appliance is illustrated 
in Fig. 66. It acts as stop and clamp, and is cheaply con- 
structed. 
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Fia. 64. — Clamping Work. 
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Fig. 65.— Clamping Thin Work. 
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Fia. 66. — Convenient 
Clamping Device. 



30. Use of the Centers. The pair of centers which belong 
to every planer are often not used to the full extent of their 
usefulness. They are valuable for more than circular work. 
They will be found very convenient for all kinds of rectang- 
ular work that ordinarily is done in the chuck, as well as 
more economical, for when once set up the parallelism is 
assured. This is not the case with the chuck, where rehance 
must be placed on the skill of the operator each time the work 
is turned, because in most cases it is impossible to bed the 
work on the bottom of the chuck. Therefore, parallel strips 
are used, thus multiplying the chance of error by four, namely 
the bottom of the chuck, the bottom of the parallel, and the 
top and the bottom of the work itself. If any doubt exists 
in the mind of the mechanic as to the accurate alignment 
of the centers, all that is necessary for him to do is to turn 
the work end for end and he is assured of parallelism. In 
Fig. 67, side 1 is planed, after which it is turned end for end 
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and upside down, and side 2 is planed. The illustration 
should be sufficiently plain. 

31. Planing at an Angle. The whole tool head of the 
planer or shaper swings on a common center, and the 
graduations on the circular part, indicating degrees, enable 
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Fig. 67. — Planing with Centers. 

the operator to plane at any angle he desires for dovetailing. 
However, here is another little thing worth noticing: Don't 
take for granted that, when you have set the head over to 
the desired degree, it will plane that angle, for very often 
it does not; the side may be worn, and not straight; and 
again the lines of graduation are quite wide, so that it is 




— ^V-block for use on Planer Bed. 



difficult to get an accurate setting. When it is important 
that the angles on both sides of the piece should be alike, 
the proper course is to make allowance for turning the work, 
side for side, and allow the head to remain in its original 
setting. To illustrate the planing of oblique surfaces by 
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swinging the whole tool head, let us take a set of V-blocks 
and plane them from the rough. 

V-blocks are used as master appliances on planers, for 
holding bars, piston rods, etc., and must of necessity be 
accurately aligned and planed. Fig. 68 will give a clear 
idea of their proportions. The full set, either two or four, 
is clamped to the planer and the side A is planed, after which 
they are reversed, and the opposite side, J5, is planed. 

The sides A and B are planed on all the blocks. They 
are then all gripped together in a chuck and the sides CC 
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FiQ. 69. — Method of Setting Tool with Proper Clearance and at Right 

Angles to the Work. 

are planed, leaving the tongue T to fit the slot in the platen 
accurately. The blocks are then placed on the platen in 
their proper slot, clamped on the sides KK, and the edges 
DD are planed. A square-nose tool is used to plane the 
slot E for the tool to run out. Lastly, for the sides FF, 
the tool head is swung round to 45°, and one side is planed; 
then the clamps are loosened and the work turned to plane 
the opposite side of the V. This not only insures the same 
angle, but will bring the V in the center of the block, central 
with the tongue, which is an advantage in setting the block 
for many pieces of work. 

32. Tool Setting. Fig. 69 will give some idea of tool set- 
ting and clearance. The apron should be run well down and 
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the tool gripped short to avoid spring in the shank of the tool. 
As indicated at the left, the tool should be set at right angles 
to the face of the work. When so set, any side motion will 
let the tool draw away from the work, a^ at ^. If set as 
at B, the side-wedging action of the cutting point drags the 
tool into the work and makes it difficult to get a true surface. 
33. Planing Arcs. A device for pjaning arcs of different 
radii can be cheaply and quickly built and is a very conven- 
ient fixture, and one that will be found useful in very many 




Fio. 70. — Device for Planing Area. 

cases. The diagram shown in Fig. 70 will illustrate the 
device, Plate No. 2 pivots on the center pin of No. I, A and 
B being machined surfaces for flat guides. The arm E is 
clamped to the bottom of the cross-rail of the planer, and the 
slot in E fits over a bronze box F; as the platen travels, 
plate No. 2 is given a rotating motion. The radius of the 
arc is changed by changing the angle of arm E. 

34. Measuring the Height of the Tool. Another point 
to be considered is the frequent lax methods of calibration 
on a planer, especially on work clamped to the platen. 
It depends entirely upon the skill of the mechanic how 
accurately he can read the lines of a 6" or a 12" scale in meas- 
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uring the height of the work. Small measuring pieces can 
be filed and micrometrically caUbrated and these used to 
bring the tool down to the required height, and these can 
be kept as standard height gauges for all time. See Fig. 71. 
36. Open-side Planers. Besides the ordinary form of 
planer so far referred to, there is the " open-side '* planer. 
In this machine there is a housing on only one side, thus 
accommodating work wider than could be done on the 
more common machine. The single housing and the cross- 
rail are, of necessity, very heavy and strong. 



Standai-d 
Gauge 




i. 

r 



Planer Platen. 
Fig. 71. 



36. Shapers. In the planer the work moves against 
the tool while in the shaper the reverse is true; the tool 
moves against the work. The planer is suitable for large 
work demanding heavy cuts with the attendant slow speed; 
the shaper is adapted to small work requiring Ughter cuts 
and allowing faster speed. Except as to size the same 
tools are usable on both machines. The student will not 
find the shaper a diflScult machine to understand, especially 
if he has been introduced, first, to the planer. 

There are two general types; in a geared shaper the 
ram is driven by a gear which engages a rack on the ram, 



62 MACHINE SHOP PRACTICE 

while in the crank shaper motion is transmitted to the ram 
by a '' Unk." 

In a traverse shaper the ram has an intermittent side 
motion, in addition to the usual reciprocating movements. 
The feed is obtained in this manner instead of by the mov- 
ing of the work, as in the ordinary shaper. Traverse shapers 
sometimes are made with two rams and usually with two 
tables; the latter can be adjusted to any desired position. 

QUESTIONS 

1. Make a sketch of a tool without either side or back rake and 
explain its action. 

2. Is such a tool correctly ground? 

3. What class of tools do you study first? 

4. Should a planer tool have much clearance? State the 
smallest amount permissible. 

6. Should there be a great amount of top rake on a planer tool? 

6. Are you permitted to give considerable side rake? 

7. State a second reason why a planer tool is apt to bite into 
the work, and explain its action in so doing. 

8. What may cause a " chattered" surface, on planed work, 
besides the springing of the tool? 

9. Which is the better for producing smooth work on a surface, 
the rack and gear, or the worm-drive planer? 

10. Give a sketch showing how a planer tool may be designed to 
avoid " biting " into work. 

11. Give a sketch showing the ideal form of finishing tool. 

12. What is the distinctive difference between a planer and a 
shaper? 

13. Name and describe several different kinds of shapers. 

14. How is the spring of the work away from the tool taken 
care of in the shaper design? 

15. What is the function of the apron? 

16. How is angular work done on a shaper? 

17. Describe the reversing mechanism on planer and shaper. 

18. How is quick return obtained? Name several ways and the 
value of each. 



CHAPTER VIII 

LATHE PRACTICE 

Lathes 

Different types and their classification. Main spindle centers and their 
true value. Value of centering work true. Value of facing work 
first. Thread cutting. Different forms of threads. Rule for 
thread cutting. Method of figuring rules. Taper turning. Rule 
for taper turning. Setting of tools. Grinding of Tools. Speeds 
and feeds. 

37. Principles of Construction and Proper Method 
of Handling. The first essential in doing a master's work 
is to know intimately the tool upon which you are going 
to do the work; know its relation to all others, their rela- 
tions to each other, and their proper functions so that an 
intelligent result is obtained. 

In order to acquire this knowledge of the engine lathe 
Fig. 72, page 65, will prove valuable to the beginner. It 
shows the building-up, step, by step, and the relation of 
the parts to each other, as well as the names commonly 
applied to each part. It is also well for every mechanic 
to be thoroughly familiar with the materials of construc- 
tion, for through this knowledge he trains his judgment to 
be sound and also gets a sense of proportion and the eternal 
fitness of things mechanical. 

38. Types of Lathes. The hand lathe, having no car- 
riage or power feeds, where the hand tool is held on a rest, 
and with no thread-cutting facilities other than a hand 
chaser. 

63 
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Engine Lathe. A power machine, with power feeds, 
and several cutting attachments, tool carriage and simple 
and compound rests. They are enumerated as follows: 

Single-geared lathes when the power is transmitted 
through a single train of gearing. 

Double-Beared lathes when the power is transmitted 
through a double train of gears, such lathes being for heavier 
work. 

Triple-Beared lathes when the power is transmitted 
through three trains of gears. These lathes are for still 
heavier work. 

Quadruple — or double-compound geared lathes. 

39. Truing the Centers. Assuming that there is no 
end thrust or lost motion in the bearings of the lathe spindle, 
the most important thing to observe before beginning a 
piece of work is that the centers fit in their respective spin- 
dles. They should be taken out and cleaned, not with a piece 
of cotton waste, which leaves lint upon the center, but 
with a small brush, such as jewelers use, and which should 
be a part of every good mechanic's kit. A reamer of the 
same standard taper as the center should be turned around 
in the spindle by hand, to pick up any particles of dirt or 
foreign matter which may have lodged there. 

Being satisfied on that point, the next step of importance 
is to prove the live center by running the back of a tool up 
to it and holding a piece of white paper underneath. Note 
the slightest variation of the face of the center while running, 
for it is essential that it should run perfectly true, if accurate 
work is expected. The live center is usually soft, for there 
is no frictional wear on it, its function being that of a cen- 
tralizing support only; being soft, it has the advantage 
that the operator can true it by turning, without unnecessary 
delay. Both centers are sometimes hardened now that 
grinding machines are in so general use; they provide ready 
means of keeping hardened centers true. 

When necessary to true a center, make it a rule never 
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to use a file for finishing, but tool it true, and this, by the 
way, is a good rule to follow on all work. It is an utter 
impossibility to file work round in a lathe, if for no other 
reason than that you cannot maintain equal cutting pres- 
sure throughout the entire length of the file stroke. For 
turning the center there are several tools which might be 
used, but perhaps none is more efficient than a side tool 
used, as in Fig. 73, by running the lathe backward and 
having the side tool set level. The angle of the center is 
60°; use the center gauge in testing it. The entire face 
of the center should not be cut at once; it should be cut 



Side Tool 




Fig. 73. — Use of a Side Tool for Truing the Live Center. 



down part at a time, beginning at the point, taking care to 
make it straight. 

40. Alignment of Centers. The third step of importance 
is the aUgnment of centers to insure parallel turning. 
Ordinarily, the operator will push the tailstock up until 
the two centers meet, and line it by the eye, but this is only 
an approximation and its value depends entirely upon 
how good an eye the operator has. A sure way to test the 
center for alignment is shown in Fig. 74. 

The work itself, if it is to be a plain cylinder or piston 
rod or piece of shafting, can be used for the purpose, or any 
old mandrel or piece of scrap rod, always to be found around 
a shop, will answer. The piece is placed on the centers, 
the tool brought up to within a short distance of the carrier, 
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and a light cut taken just wide enough to allow a microm- 
eter measurement to be made; the work is then taken 
from the centers and the carriage moved down to the dead 
center end of the work without changing the cross-travel 
of the tool. The work is again placed on the centers and a 




Q 
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Fig. 74. — ^Testing for Alignment of Centers. Dotted lines show 
piece as held off center while moving the tool over for the second cut. 

cut taken on the extreme end of the rod; if the micrometer 
measurements of the two cuts are alike the centers are 
properly aligned. Any adjustment that is necessary is 
easily made by means of the screws on the side of the poppet 
head. After adjustment the same testing process should 
be repeated. 



f'l. 



Taper ^ per Foot 







41. Centering. The various steps in lathe practice may 
best be explained by assuming an actual piece of work as, 
for example, the piston rod of an engine, and going through 
the various operations from roughing to finishing as in the 
following, paragraphs. Assume the rod to be of forged steel, 
to be finished to the size indicated in Fig. 75. 
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First, it is important that the work be carefully centered, 
no matter how much stock is left for finish, for the nearer 
the cutting resistance comes to being uniform the nearer 
round will the piece be turned. The drilled hole should 
be so deep that the point of the center will not touch the bot- 
tom of it; see Fig. 76. This prevents wear of the point, 
and insures the bearing of the work upon the face of the 
center. The centers in the bar should be made large enough 
to carry the weight, and also to withstand the crushing 
effect that takes place during the turning; in a bar of this 
size the outside diameter of the center when finished should 
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Fig. 76. — Showing the Result of Turning before Facing the Ends. 
A is the length of bearing on one side, B on the other. The wear 
at A will be greater on account of the smaller surface to resist crushing. 



be about i" — about one-seventh the diameter. A driver, 
or dog, is now placed upon one end of the bar and the bar 
is placed in the lathe. There are various styles of dogs 
useful under various conditions. In placing a dog on fin- 
ished work a piece of sheet brass or copper must be used under 
the end of the set screw or, preferably, a piece long enough 
to nearly encircle the work, thus taking all points of contact 
with the dog. 

42. Facing the Ends. Both ends of the bar should now 
be faced; this is an important step before turning, as the 
following reason should be sufficient to prove: When the 
turning tool starts to cut, the resistance due to the chip 
creates a crushing force on the dead center; in other words, 
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the center resists the tendency of the tool to push the work 
away, hence an unequal bearing on the center results, if 
there is a rough end on the bar, and, as the smallest surface 
will be affected the most, the center will wear out of round. 
Fig. 76 will illustrate the point. 

43. Turning. A roughing cut is next taken, and here 
the tool conditions must ,be studied. The cutting angle 
of the tool should be about 55°. The tool should be set 
with the post well up to the work to obtain rigidity, and 




Fig. 77. — Proper Position of Tool Post and Tool. 

at right angles to the axis of the work, thus eliminating 
the possibility of the tool being drawn in during the cut- 
ting process. 

Note. Those portions of Chapter IX on Cutting Tools, re- 
lating to lathe tools, should be carefully studied in connection 
with the preceding paragraphs. 



44. Cutting the Thread. After roughing the work, 
the next step is the cutting of the thread for the nut- The 
advantage of this order is that the thread cutting requires 
more skill than plain turning, so, if any accident happens 
by which the thread end is spoiled, the time required for 
turning and finishing the whole rod and fitting the tapers 
is thereby saved. 

The student should be thoroughly familiar with the 
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more common screw threads. Fig. 78 shows them. The 
first is the simple V-thread cut to a sharp point at the top 
and also at the bottom or root, the angle being 60°. For 
cutting this thread it is obvious that the tool must be ground 
to a sharp point having the same, 60°, angle. The center 
gauge is used for testing the angle of the tool and also in 
setting it in the tool post of the lathe, see Fig. 94. The 
top of the V-thread is easily bruised and the diameter of the 
work, at the bottom of the thread, is less in the case of this 
thread; hence, the thread next mentioned is, in these re- 
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Fig. 78. — Screw Threads. 



spects, superior. It is also difficult to retain the sharp point 
of the tool in cutting the V-thread. 

The second is the United States Standard (U. S. S.) 
thread. This has the same angle as the V-thread, but the 
top and bottom of the thread are made flat an amount 
equal to | of the depth or pitch; for example, for 8 threads 
per inch we have | of 1" = ^" flat. The tool is ground 
to conform to this shape. 

The third is the square thread, which is as wide at the top 
as at the root, the sides being parallel; the depth is ordinarily 
made equal to the width. 

The fourth is the acme thread, intermediate between 
the square and the U. S. S. It is much used for the lead 
screws of lathes. The angle is 29°. 
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The fifth is the Whitworfh thread (English) having an 
angle of 55°. Instead of being fiat at the top and bottom 
it is rounded an amount equal to i of the depth. 

For general use the U. S. S. is the best thread. There is 
recognized; as standard, a certain number of threads per 
inch for each diameter. 
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Fig. 79. — Arrangement of Gears for Thread Cutting. 



46. Calculating the Gears for Thread Cutting. Modem 
lathes have tables of change gears for the different threads 
screwed to some part of the machine, but the thinking per- 
son will admit the wisdom of knowing how to figure the 
different gears without depending upon the table. A 
simple method is here given, which will enable even a novice 
to calculate the changes: Thread cutting is regulated by the 
different ratios of speed between the main spindle, or cone, 
and, the lead screw; hence, we find the number of threads 
per inch on the lead screw and use this as the numerator 
of the fraction or ratio, and the number of threads to be 
cut as the denominator; for example, the number of threads 
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per inch on the lead screw may be 4, and the thread desired 
on the piston rod, 8, then 

threads on lead screw _4 
threads desired 8 * 

If we had a gear with four teeth and one with eight, 
we could cut the thread with them, but as such small gears 
are impossible, we multiply by some number, even or odd, 
according to the pitch of the gears on the lathe. In the 
majority of the lathes, the gears run in even inumbers, such 
as 24, 28, 36, 40, 44, 48, 52, and so on, hence 4 or 8 would 
be a good number to multiply by and we have 

4 Q _32 stud gear teeth 



8 64 lead screw gear teeth* 

Again, on a lathe where the gears run, as in some cases, 
28, 35, 42, 49, 56, 63, 70, 77, 84, 91, 98, etc., 7 or 14 would 
be the number by which to multiply. Then 

4 28_(stud) 

8 ^ 56 (lead) * 

The formula explained above holds good on all lathes 
in which the main spindle and stud are run at the same ratio; 
where the ratio changes and the stud runs half as fast as 
the spindle, multiply the numerator by two. 

46. Lubricants and Tools. A fibrous material such as 
soft steel or wrought iron should be cut with a lubricant, 
which serves a double purpose — to keep the cutting edge 
of the tool cool, and to reduce friction between the chip 
and the tool. Soda mixed with water will prove efifective, 
soda being introduced chiefly to prevent rust on the machine 
parts. 

The cutting edges of all tools should be kept as keen as 
possible at all times, by oil stoning. The thread tool should 
be set absolutely level and on a plane with the center of 
work. 
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47. Cutting tiie Taper. The next step after the thread 
is the cutting of the taper. Not every lathe has the taper 
attachment, hence the poppet head or tailstock must be set 
over. The taper given in our suggested exercise is i" per 
foot, and the following sample formula will give the throw- 
over of the poppet head: Find the taper in 1", multiply 
by the length of the piece over all, and divide by 2. 

24 36^1 36 3 . , 

~"2~ = 24><2=48'''4'^^^' 

Note. The author uses an inch as the unit of measurement 
instead of a foot, because a great deal of the work is under a foot 
in length. Divide by two because the diameter is double the radius. 

Remember, no matter how short the taper desired, 
the length of the whole piece of work is what is affected by 
moving the dead center out of alignment, as the whole 
piece swings on the live center. If this rule is carefully 
applied and £he poppet head carefully moved, accurate 
results will be secured. 

In shops where such rods are made in great numbers and 
kept in stock, a taper sleeve is used as a gauge for proving 
the taper as the operator proceeds with the work. In 
railroad repair shops usuaUy the screw head and piston 
head are used for fittings; if properly fitted, i" is ample 
allowance for " drawing home." 

48. Finishing. There is left now only the plain turning 
of the rod, and in the modern shop of to-day the rod is turned 
only to within an approximate size, say ^'', and is then 
ground to standard size on a grinding machine. If, how* 
ever, there is no such machine in the shop, it must be turned 
to size, in which case a ring-gauge of standard size is used 
to follow up the cut. The tool should have just enough 
of a flat point to cover the feed; for instance, if the feed 
were 60 revolutions of the work to 1'' feed, we should say 
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the feed is 60 threads; hence the flat point on the topi 
should be over urV" to insure a smooth surface. 

49. Cutting Speeds and Feeds. The cutting speed and 
the cutting feed should be known to every operator of a 
machine, that he may know he is getting its maximum 
eflBciency. This eflSciency is determined in some shops 
by the color of the chips that drop from the tool, but this 
does not mean much to the mechanic who desires a basis 
of calculation. In the first place, it has been proven by 
experience that for roughing cuts, a slow speed and a fast 
feed are economical (understand, carbon steel is referred 
to, and not the patent air-hardened or superheated steels 
that are coming into use; lathes have not yet been built 
heavy enough to get the highest eflSciency from this steel, 
nor is it of much value for finishing cuts). 

Cutting speed means the number of feet a point on the 
surface of the revolving piece travels in a given time (one 
minute) and is shown, roughly, by the length of the shaving 
cut by the tool in that time. For example, a lathe' makes 
30 revolutions per minute on work with a diameter of 4"; 
as a 4" circle has a circumference equal to 4 X 3.1416( = 12.57" 
or 1.05'), the cutting speed would be 1.05X30=31.5' per 
minute. A spiral spring 4" in diameter with 30 coils, if 
stretched into a straight Une, would give the length of the 
chip and show the cutting speed. 

Cutting feed means the travel of the tool during one 
revolution of the work and is shown by the thickness of the 
chip. 

A cutting speed of 28' to 30' per minute and a cutting 
feed of 30 revolutions to 1" of tool travel is efllcient for work 
on soft steel. 

Note. See tables and text respecting speeds and feeds in 
Chapter IX, Cutting Tools. 
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QUESTIONS ON LATHES 

1. What precautions must always be taken, in connection with 
the lathe centers? 

2. How is the live center turned up? 

3. Which center is hard and which is soft? 

4. Is it good practice to use a file on lathe work? 
6. What tool do you use for truing a center? 

6. What is the third step of importance when starting a lathe? 
How may this step be performed approximately? How accurately? 

7. Is it important that all work be centered true, regardless of 
the amount of stock to be removed? Why? 

8. What proportion of the whole diameter of the piece do you 
commonly make the center hole? 

9. Should the ends of a piece be faced before starting to turn it? 
Why? 

10. What should be the angle between the side faces of the 
diamond point? 

11. How should it be set in the tool post? 

12. If you have a lathe furnished with a 6 per in. lead serew 
and you wish to cut 15 threads per in., what gears, of the following, 
would you use— 32, 36, 40, 66, 72, 80, 86, 90, 98? 

13. At about what speed should tool steel be machined? 

14. What is meant by the term " feed"? 

15. Give the proper feed for cast iron. 

16. Give the proper feed for tool steel. 

17. A piece of tool steel |'' in diameter is to be turned in a lathe ; 
how many revolutions per minute should the lathe make to give 
a cutting speed of 40' per minute? 

18. Should the number of revolutions be reckoned while the lathe 
is running free or while the tool is cutting? 

19. A piece of tool steel i^' in diameter is turned in a lathe at 
168 revolutions per minute. Find the cutting speed. 

20. A lathe has a feed rod turning at the same rate as the lead 
screw, while the carriage travels one-quarter as fast as it would 
when screw cutting. If geared for 12 threads per inch, and the feed 
rod is used, what will be the feed? 

21. In the preceding question, if the lead screw has 6 threads 
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per inch, and the gears, 24, 36, 48, 72, were at hand, how would 
you gear the lathe? Give stud and screw. 

22. Is it possible to get a perfectly accurate feed on a lathe with 
belted feed rod? Why? 

23. If a lathe has a three-stepped cone on the feed rod, how 
many feeds are possible? How could you obtain more? 

24. How would you cut a left-hand thread on a lathe mth no 
tumbler gears? 

25. What is meant by compounding lathe gears? Does this 
change the direction of thread, i.e., right or left hand? 

26. A lathe has gears 32 and 64 for cutting 8 threads per inch. 
How could these be compounded to cut 16 threads per inch? Draw 
a sketch of the train of gears you would use. 



CHAPTER IX 

CUTTING TOOLS 

Turning Tools 

Turning tools. Different forms. Leverage. Difference between 
planer and lathe. Tool angles of clearance and why. Correct 
rakes and angles. Setting of tools. Cutting force for different 
metals. Cutting speeds and feeds. 

60. Cutting-edge Principles. Proper Angles, etc. Pla- 
ner tools will first come under notice as being the simplest 
and requiring the least skill in setting. You have doubtless 
observed that if the chip be unwound from the spiral shape 
it assumes in leaving the tool, and projected in a straight 
line, it is shorter than the surface from which it came. This 
is due mainly to the compression of the metal in the direc- 
tion of the cut, and you will thus see the possibiUties of 
saving power and strain upon the machine by giving proper 
cutting angles to the tools and reducing this compression 
to a minimum. 

In Fig. 80, the cutting tool is at right angles to the work 
without rake. It exerts its force in a direction nearly 
parallel to the surface of the work, and, having no rake, 
it simply does not cut, but shoves or crowds the metal 
forward, producing a chip made up of Uttle splints. It 
cannot exert any force to lift or curl the chip. This tool 
is wholly wrong, nor would it be materially improved if 
ground like the tool shown in the little sketch at the right, 
which shows the other extreme; a tool so ground would 
spring downward inio the work. 
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A tool must first of all be heavy enough at the back or 
heel to resist the horizontal cutting force, and consequently 
should have very little clearance. 



PLANER 





Work 



Crowding, not cutting 
No rake 

Fig. 80. — Improperly Shaped Tools. 



The 7° clearance shown in the lathe tool in Fig. 81 is 
too much for a planer tool, while the 3*^ of the lower sketch 
is as small as can be used safely. Theoretically, if the 



Lathe 



Planer 




Fig. 81. — ^Tool Clearances. 



point of a planer tool leads, due to its rake, by only a 
thousandth of an inch or two, it will perform its function. 
There should be very little back rake on account of its tend- 
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ency to make the tool gouge the work; but this can be 
compensated for by giving considerable side rake. 

Another reason why the planer tool tends to gouge the 
work is illustrated in Fig. 82. Point A in each sketch is 
the fulcrum. In the first sketch the tendency is to push 
the tool down and back into the work in the direction of 
the arrow. This is not so serious as appears on the face 
of it, as planer tools are usually so stiff that they will spring 
but little and any error that might occur in the roughing 




Fig. 82.— Tools which Tend to Gouge the Work. 



out would be eliminated in the finishing cut. What many 
mechanics take as an indication of the spring of the tool 
is really due to the chatter of the planer, since a rack and 
pinion planer will frequently chatter after it has become 
worn, while in a worm-driven planer the lost motion is all 
taken up at one end before beginning the cut, and the screw 
action does away with the chatter. To obviate any spring 
the tool may be designed as in the second sketch. Fig. 82, 
where the deflection due to the force of the cut is away from 
the work in the direction of the arrow. 

The tool in Fig. 83 approaches the ideal for a finishing 
tool to be used on a planer or shaper, and gives the best 
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finished surface. It is made from a piece of ordinary tool 
steel and forged on the end in the shape indicated. It will 
be noticed that it has side rake instead of being strai^t 
on the bottom; the line that comes in contact with the 
work is a little rounding. 





Fig. 83.— An Ideal Finishing Tool. 

61. Lathe Tools. The subject of lathe tools will now 
be considered. Some of the many varieties are shown in 
Fig. 84, viz., a diamond point; a round-nose tool, a side tool, 
a centering tool, a thread-cutting tool, and a cutting-off 
tool. For the lighter, roughing cuts, a round-nose tool, 
forged on the general lines of the diamond point, is some- 
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Fig. 84.— Lathe Tools. 



times used. It is given rake and may be either right or left 
hand. 

For heavy roughing cuts a modification of this regular 
round-nose is often used. It is forged with a broad round 
point, raised enough to give reike, and set over to give clear- 
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ance. It is stiffer than either the old round-nose or the 
diamond point, not being tapered, and is more quickly 
forged than the latter. Diamond points and side tools are 
forged both right and left-hand. The diamond point 
will first be considered, as it is more of a universal tool than 
any of the others. 

62. Fonn of Cutting Edges. Before discussing rake, 
clearance, or the setting of the tool, attention is called to 
the general form of the cutting edges, and the importance 
of maintaining the same throughout the life of the tool. 




Fig. 86. — ^Effect of Grinding Tool to Improper Angles. 



Fig. 85 will best illustrate this point. The tool is shown 
at the left, with the depth of the cut, and ground so that the 
angle shall not be less than 55°. To the right is a tool in 
which the angle has been changed by grinding on both 
sides of the point, because the machinist claims that he is 
in a hurry and must make time on his work. But it will 
be seen that to do the same amount of work the line of 
cutting resistance is much greater in b than in a, showing 
loss of efficiency in the tool by requiring more power to drive 
it after it has been ground. This is true even with proper 
rake and clearance, but when the mechanic also ignores 
these it becomes much more serious, because more finish- 
ing will be required to make the work correct. 
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53. Spring of the Tool. Fig. 86 illustrates an important 
point in setting the tool. The farther the cutting edge is 
from the base, or support, the greater will be the spring. 




Leverage 
Fig. 86.— Effect of Leverage. 

Where this spring is possible, the point is drawn down, 
as indicated by the arc. This indicates the value of short 
leverage. 




Fulcrum 



Fig. 87. — Device for Testing a Turned Surface. 

It will be interesting to note at this point what really 
takes place in turning, as shown in diagrammatic form, 
exaggerated, in Fig. 87. Here is represented a piece of rough 
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stock that is to be turned as indicated at the right. Start- 
ing at A, and developing the line of circumference in a straight 
path, we will get a Une like (1). After turning, and repeat- 
ing the process, the developed line will look like the Une 
at (2). It will be noted that the second Une is somewhat 
irregular, showing that even after roughing off, the surface 
of the piece has nearly all of the irregularities of the rough 
stock, though on a smaller scale. 

The bottom figure in the sketch iUustrates the tool and 
method of obtaining the Unes. A long, Ught lever has a 
knife edge or point at one end, near the fulcrum, which 
bears against the periphery of the work. On the other 
end is a lead-pencil attachment, the point bearing against 
the piece of paper indicated, the paper traveling at the 
same rate of speed as the work, in the direction of the axis 
of the work. Any unevenness in the surface of the work 
raises or lowers the point of the pencil and, as the ratio is 
great (20 to 1), the variation of the line is marked. 

This emphasizes also another important point, and that 
is the necessity of centering work as accurately as possible, 
for, no matter how even the work may be on its circimi- 
ference, if centered out of true it wiU not be round after 
tinning. Why? Because the thickness of the chip or 
shaving is not uniform, hence does not offer uniform resist- 
ance to the cutting edge, and the work wiU bend more, 
and the tool will spring more, at one point than at others. 
If the cut were uniform in depth, thus giving the same resist- 
ance, of course we could expect round work. 

64. Angle of the Tool to the Work. Next in importance 
to the leverage of the tool is the angle at which it is set in 
relation to the work. Referring now to Fig. 88, the tool 
is shown at right angles to the work, and any deflection 
would move it away from the work, instead of causing it 
to gouge into the work. 

66. Height of the TooL The third point to be observed 
in regard to setting the tool is its height relative to the lathe 
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centers. In Continental shops, and especially in England, 
it has become a recognized principle that the top of the 
cutting edge of the tool should not be higher than the top of 
the support, and to obtain its top rake the tool is harrowed 




Fig. 88.— Angle to the Work. 

out in grinding. Sir Joseph Whitworth designed his lathes 
so that the tool support was at the level of the center of the 
work, and any vertical pressure deflected the tool away 
from it, as shown in Fig. 89. Fig. 90 illustrates three posi- 
tions of the tool. Tool No. 1 is set below the center, and the 
dotted line, drawn tangent to the periphery of the circle 



Support 




Fig. 89.— Tool at the Center. 



Fig. 90.— Setting Lathe Tool 
to Correct Height. 



at the point of the tool, indicates the direction in which the 
cutting force is applied. The top or cutting surface of the 
tool forms an angle of 90° with this line. The stock is 
thus merely crowded off by the tool and there is no cutting 
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or wedge action whatever. The next tool is set on the cen- 
ter and has more of a wedge action, but still not what it 
should have. The top tool, No. 3, gives us a better posi- 
tion for doing maximum work with minimmn resistance. 
In this position the front of the tool below the cutting edge 
is almost tangent to the new surface which the tool is form- 
ing on the work. 

From the foregoing it is seen that the lathe tool will do 
the best work when held very short, at right angles to the 
work, and when set above the center. This will lead to 
economy. 

66. Grinding Tools. The diamond point tool should be 
groimd only on the top, and the angles of the sides should 
never be touched; there will be no danger then that you 
will destroy the economic value of the tool. Many mechanics 
bum, or draw the temper of, the cutting edges of the tool 
in grinding, which makes the edge softer than the metal 
it is supposed to cut. In large modem shops the practice 
frequently obtains of grinding lathe and planer tools upon 
a special grinder and issuing them to the mechanics as needed, 
dull ones being turned in for re-grinding. This insures 
uniform, expert grinding, and economizes the time of the 
men. 

Reference has been made thus far entirely to the solid 
tools most commonly used. But there are many improved 
tool-holders in use, designed for self-hardening steel, which 
is not affected by burning in the hands of incomi)etent 
mechanics, either in grinding or through lack of knowledge 
of the proper cutting speeds. These holders support the 
steel in such a position as to give the proper front and side 
clearance, and the rake is determined by the grinding, as 
as in the case of solid tools. 

67. Rake and Clearance. Referrinig to Fig. 91, the rake 
and clearance of lathe diamond-point tools will now be 
considered. The angle of clearance, sometimes called the 
angle of relief, as indicated here, is about 7°, sometimes 
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running to 10°, more or less — enough for a safe working 
angle. Really the only reason for so much clearance is to 
avoid rubbing against the cut surface, which would cause 
unnecessary frictional resistance to the motion of the lathe 
and compel a change in the setting of the tool for every 
change of diameter in the work. Efforts should be directed 
toward finding the angle that will give the least force 
required for cutting, combined with endurance of the tool 
edge. 



Fig. 91. — Too Great or too Little Rake. 

While the power required to cut is increased greatly 
by the dullness of the cutting edge, the wood-chisel edge 
should be avoided, because time lost in constantly remov- 
ing the tool for grinding purposes eats up profit. In Fig. 
91 are illustrated two extreme cases — that on the left hav- 
ing too great rake, and the other having none. The one 
will do good work for a few minutes provided the cut is not 
too heavy, but the wear of the edge is so great that the angle 
will soon become blunt, and it would be very much better to 
have no rake at all. On the other hand, the cutting edge 
of the tool on the right is too blunt to do good clean work, 
and the chip will come oflF nearly straight and in small pieces. 
The happy medium between the two is found in Fig. 92. 

Side rake means the angle at which the top is ground 
either to the right or left side. A tool ground for a travers- 
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ing motion toward the left hand cannot be used with a motion 
toward the right. Therefore side rslie is designated right- 
hand or left-hand, the former meaning that it has its cutting 




Fia. 82.— Proper Rake. 

edge on the left side and the latter on the right side. As 
the side rake is increased, the power to drive the tool becomes 
less, as it tends to screw its way along Back rake means 
the angle given to the top of the tool from the point back. 
Rake or top rake may mean back rake, side rake, or both. 




Fig 33 — Prefer Positioa lor Side or Pacing Tool. 

The round-nose tool. Fig. 84, is used for brass when made 
rather pointed, and for facing cast iron, when it has a blunt 
point. The tendency with brass, which is very soft, is to 
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pull a hooked tool into the work, hence no rake can be given 
the tool. 

The side tool should always be set with the point lead- 
ing slightly, but one must remember that it is not the point, 
but the side of the tool that is to do the cutting. This tool 
should be set on the center, as indicated in Fig. 93, and has 
side rake only. 

68. Centering Tool. The centering tool is used to 
obtain an accurate center for starting a drill, and should 
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be ground like a twist drill and placed with its cutting 
point directly at the center of the work. 

69. Thread-cutting TooL Much carelessness is exhibited 
in the use of the thread-cutting tool, not so much in grinding 
as in setting. It should be set so that the cutting edges 
make equal angles with the line of lathe centers. The 
economical way to use this tool is to rough out the thread 
with a heavy cut, regrind the top face until again sharp, 
and then finish with a light cut. No matter how carefully 
a thread tool is used, the point will wear rapidly. This 
tool should have no rake when making the finishing cut. 
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Fig. 94 shofrs the manner of setting thread-cuttii^ tools 
under differing conditions. 

60. CuttUig-off Tool. Fig. 95 refers to the cutting-off 
tool, the laat of the lathe tools shown in Fig. 84. The 
upper view shows the action of the tool, and the two lower 
views indicate how good and poor results may be obtuned 
through grinding. This tool has side clearance right and 
left, and should be ground slightly concave, and with back 
rake, on its top face. Its point should be on a level with 
the center of the work. 




Fig. 95.— The Cutting-ofF Tool. 

61. Tool-holders. Fig. 96 shows a number of types 
of patent tool-holders, ab-eady referred to, which are com- 
mon in the modem shop because they are more economical 
for use on ordinary sizes of work. For very lai^ work, 
however, the solid tool is more economical on account 
of its rigidity, which is not always obtained in the built-up 
holder. Competition has forced the use of ai^ appliance 
whereby a savii^ may be made, and in the case of the tool- 
holders the amount of money tied up in tool steel is reduced 
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to a minimum, which is not the case when soUd tools are 
used. The saving is made in two ways, the cutting edges 
do not have to be forged or redressed by the smith, and a 
more uniform angle of rake is maintained. 




KewSidAlVMl 



Fig. 96.— Tool-holders. 



62. Lathe Speeds and Feeds. The accompan3ring 
table gives the finishing speeds and feeds for different metals 
for tools of ordinary tool steel. In roughing, the axiom is, 
slow speed and quick feed; in finishing, high speed and 



LATHE CUTTING SPEEDS AND FEEDS 
For Carbon Steel Tools 



Tool Steel 


Wrought Iron 
Machine Steel 


Cast Iron 


Brass 


S:F 


SiF 


S:F 


SiF 


28 :25 


40 :20 


48 :16 


120:20 


Lubricated 


Lubricated 


Dry 


Dry 



F= number of revolutions to 1 inch of feed. 
^= number of feet per minute. 
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High-Speed Tools 



Tool Steel 


Wrought Iron 
Machine Steel 


Cast Iron 


Brass 


S:F 


S :F 


S :F 


S :F 


38 to 45 : 20 


65 to 75 : 12 to 20 


60 to 70 : 12 


180 to 200 : 20 


Lubricated 


Lubricated 


Dry 


Dry 



fine feed. From this table about 25 
deducted for roughing speed, making 
Experiments on cutting tools made in 
Smith, London, England, and verified 
that machine steel requires from two 
times as much power for cutting as 
wrought iron, about one and one-half 



per cent should be 
18, 24, 28, and 83. 
the shops of R. H. 
by the author, show 
to two and one-half 
does cast iron, and 
times the power. 



CHAPTER X 

CUTTING TOOLS— (Confentied) 

Difference between rake and clearance of turning and boring tools. 
Different methods of holding work. Boring tools. Deflection. 
Cantilever principle defined in boring tool. Improved tjrpes of 
holders and their economic value. 

The previous chapter is confined entirely to one class, 
namely, planer and lathe tools, and the different conditions 
under which the best results can be obtained from them. 
By best results is meant the maximmn amount of good work 
with the minimum amoimt of energy expended, the ideal 
for which every good mechanic is striving. The cardinal 
points for securing these results were discussed, such as 
proper back and side rake, clearance, rigid setting, locating 
the tool so it will not spring into the work, proper relation 
of cutting wedge to plane of work, etc. All these combine 
to make the cutting edge the basis of economic production, 
and economic production means not only least cost in manu- 
facture, but a saving in the wear and life of the machine. 

63. Inside and Outside Turning Compared. The sub- 
ject of cutting tools has purposely been divided into two 
separate heads, as there is a recognized distinction between 
inside and outside turning; Fig. 97 shows that the same 
laws do not hold for both. The circle on the left represents 
a cylinder to be turned; that on the right, a hole to be bored, 
with the tool in position. The lines ab and cd are drawn 
tangent with the work at the point where the cutting edge 
is in contact with the work when turning and boring respect- 
ively. On the face of it, it would seem that one vertical 
line should answer for both conditions, but this is not so, 

92 



CUTTING TOOLS 



93 



for in turning, the cutting edge of the tool may be set above 
the center of the work, thus obtaining a finer cutting wedge. 
The angle A is the angle of the cutting wedge in turning, 
while B is the angle of the cutting wedge in boring. This 
is the best condition obtainable in boring, but it is not as 
good as could be desired. 




Fig. 97. 



64. Rake and Clearance for Inside Turning. The 
rake and clearance of a tool for inside turning must be 
different from that used for outside tin-ning, for two reasons: 
First, because of the contracted and peculiar conditions 
under which the boring tool works, and second, because of 
the spring of both tool and work-conditions met with in 
boring which do not apply in outside turning. The spring 
of the work is overcome in many cases by using a steady 
rest to support one end of the work, while the other end 
is held in the chuck, or clamped to the face-plate and sup- 
ported by the live center itself. In the latter case it must 
be laced to the face-plate. Fig. 98 may offer a suggestion 
to those who find difficulty in keeping the work tight 
against the center. It shows the face-plate partly unscrewed. 
The lacing is made fast to a dog or carrier in that position, 
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and the face-plate is then screwed up m place, thereby 
tightening the thong. 

66. Setting the Steady Rest. Unless great care and 
skill are combined in setting the steady rest in position, 
the result will be a failure because, in boring, the object 
is to get the bore concentric with the outside, and it is a very 
easy matter to defeat this object by careless setting of the 
rest. A suggestion as to the way of setting it may here be 
in order. If the work has already been turned on the out- 
side, the centers may be used to good purpose. Keep the 




Fig. 98. — ^A Suggestion for Keeping Work Tight. 

live center in the lathe spindle, screw the chuck in posi- 
tion and put the work on the centers as for ordinary turning. 
Now carefully tighten the chuck jaws upon the work, and 
then place the rest in position at the dead center end and 
adjust it, the work all the while being on the centers. 
The rest is then opened, the chuck with the work in it is 
unscrewed, and the center removed. Where this method 
can be used, it will insure accuracy. 

If it is a rough piece of work which is to be set, support 
one end by the dead center, turn a true surface for the jaws 
ojf the steady rest, and place the same in position while the 
work is still on the center. 
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66. Reason for Tapering Bores. While lathes are 
adjusted so they will never bore a hole larger at the back 
than at the front, the tendency is to make this adjustment 
so the lathe will bore very slightly smaller at the back; 
another reason why bored holes are frequently a little taper- 




FiG. 99. — Cutting Action of Boring Tools. 

ing. Do not decide, however, that it is the fault of the lathe 
if the hole is not straight; look to see whether the lathe is 
properly leveled up, and whether the four legs are properly 
bedded. Very often the builders are blamed for poor 
work, when the real fault is that the conditions are not 




Fig. 100.— Boring Tool— Old Type. 

right. If the legs are not properly set there will be a wind 
in the shears of the lathe which will defeat good turning 
or boring. 

67. Boring Tools. Fig. 100 shows an old-fashioned 
boring tool of the type common in every shop, and Fig. 101 
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shows several of the more usual tools for boring and thread- 
cutting. These tools are forged by the tool dresser in lengthsj 
and sizes that will cover a wide range of work, so that 
different diameters and depths may be bored without re- 
dressing. As to results from this type of tool: When the 
tool starts its cut there is a downward spring which we call 
vertical deflection, due to the pressure of the chip on the 
top of the tool. This pressure is nearly constant through- 
out the entire length of the cut, and does not vitally affect 




Fig. 101.— Types of Boring Tools. 



the accuracy of the work, since there can be a slight vertical 
movement of the tool without appreciably changing the 
diameter of the hole being bored. This is not the case, 
however, with the lateral pressure on the boring tool, which 
pressure, being at right angles to the cutting edge, deflects 
the tool away from the work more and more as the cutting 
edge dulls, thereby changing the angle of motion of the tool 
constantly. The result is a conical hole, and much time is 
lost in taking repeated cuts to get the bore parallel. 

This type of tool, therefore, does not prove economical, 
although the outward or lateral pressure will vary somewhat 
with the shape of the tool and the way in which it is dressed. 
If the front or cutting edge makes an acute angle with the 



CUTTING TOOLS 97 

work, the lateral pressure is considerable; but if the cutting 
edge is at right angles to the work there is less tendency 
to deflect the tool in a sidewise direction. In the latter 
case, however, as the cutting edge wears away and the tool 
becomes dull, there is a tendency for the corner to become 
worn so as to form an acute angle, and we will have some 
of the same trouble to contend with. Theoretically and 
practically, a tool ground as in Fig. 101 (3) will give the 
best results, so far as cutting is concerned, but even by using 
the greatest care and judgment in dressing and grinding the 
tool, to reduce sidewise deflection, we cannot altogether 
remove the difficulty. 

The question of deflection is largely one of leverage. 
The amount of deflection will depend upon the length of the 
tool from the binding screw in the tool-post to the cutting 
edge. After a tool is once made, its leverage is always a 
constant quantity, since the tool must always be placed in 
approximately the same position in the tool-post. It will 
therefore deflect as much in boring a short hole as in boring 
a long one, assuming the cutting edge to be in the same 
condition in each case. The longer the tool, the greater 
the deflection, for the tool is a cantilever, the deflection of 
which is increased eight times when its length is doubled. 
From this, we can readily see how important is this considera- 
tion of leverage, and how desirable it is to have the boring 
tool adjustable, so that it need project from the point of 
support only as far as is necessary to bore the full depth of 
the hole required. The mechanic should try to overcome 
this difficulty by devising ways and means for making the 
tool adjustable; many schemes are open to him. 

68. Boring Tool Holder. Fig. 102 will give an idea for 
a tool holder and for different tools which are inexpensive 
and at the same time meet the requirement stated in the 
preceding paragraph. This holder gives at all times the 
greatest rigidity and allows the use of the largest size of tool 
possible for any particular work. It also enables the operator 
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to vary the leverage to suit each particular hole. The holder 
consists of a rectangular block of cast iron through which 
two holes are bored, one on each side of the center, close 
to the edges, and on a plane with the lathe centers. After 
these holes are bored the block is sawed in two through the 
center of the holes, the top forming a cap. The holes may 
be made any standard size, IJ", If, 1|". Into these 
holes are fitted sleeves, or the drill rod itself, although the 
use of sleeves gives a wider range of sizes of boring tools 
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Thread Ikxfl, 

Fig. 102.— Boring Tool Holder and Type of Inside Threading Tool. 



for each holder, by having a number of sleeves with different 
standard size holes. Fig. 102 shows the holder with sleeves 
inserted. The tool fits in either A or B of the sleeves. If 
the tool is to be used in A, a solid piece is inserted in 5, 
so as to give a support against which to clamp the cap. 
One end of the sleeve is knurled to allow the thumb and 
finger adjustment in raising and lowering the tool. Ordinary 
drill rod is used, filed down to a flat surface at the end as 
shown. When heating for the teinpering process, set over 
the filed end by a blow of a hammer to give clearance. One 
-^Ivantage possessed by this holder is that a tool nearly 
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the size of the hole to be bored may be used, thus insuring 
the minimum of deflection. 

A thread tool of the type shown may be used with this 
holder; in such a tool the plane of the top is sure to be set 
so it will intersect the center line of the work, which is the 
requisite for a true thread. 

QUESTIONS ON CUTTING TOOLS 

1. Give table of United States Standard threads. 

2. Give formula for diameter at the bottom of the thread, of 
United States Standard and V-threads. 

3. What is the difference between the pitch and lead of a thread? 

4. What proportion of the lead is the pitch on a single thread? 
On a double thread? 

6. Why do you use a lubricant on a fibrous material? What 
is a good mixture for this? 

6. How large is the flat (in terms of pitch) at the top and bot- 
tom of United States Standard thread? 

7. What combination of feed and speed is satisfactory for rough- 
ing cuts, in general? 

8. What is the meaning of cutting speed? 

9. A piece of stock is 12" long, and is to be tapered J'' per foot. 
How much must the poppet head be set over? Give calculation 
in note book. 

10. What is the best method of finishing work in the modern 
shop? 

11. What sort of a gauge is commonly used for sizing when 
taking a finishing cut? Describe it. 

12. How is a turning tool ground for finishing? 

13. Make sketches showing the various tools used on the lathe. 

14. If you turn a piece of rough work, will it show any of the 
irregularities of the rough surface in the finished piece? 

16. Why will a piece of work be out of round after turning, 
if it is not centered true? 

16. What is the proper angle of clearance on the lathe tool? 

17. What is the reason for a large clearance on the lathe tool? 

18. Toward what should our effort be directed in selecting the 
angles of cutting tools? 
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19. Is top rake necessary on a good cutting tool? 

20. Is the wood-chisel edge a satisfactory form of tool? Why? 

21. What is side rake? How is it designated? 

22. Describe the two side rakes. 

23. Give a sketch and explain effect of setting the tool above 
and below the center of the lathe. 

24. Give a full description of the proper setting of a tool in the 
lathe. 

25. Should a forged diamond point be ground on the sides? 

26. Give a table of cutting feeds and speeds for various metals. 

27. What sort of a tool is used for brass work? 

28. What is the tendency of a hooked tool when used on brass? 

29. How should a side tool be set? 

30. How should it be set relative to the center? 

31. How should a centering tool be ground? 

32. How should a thread tool be set? 

33. What is the economical method of using a thread tool? 

34. How should a cutting-off tool be ground? 

36. How is the spring of work overcome in a great deal of bor- 
ing work? 

36. Make a sketch and give a description of a method of lac- 
ing a piece of work against the live center in using the steady rest. 

37. Give a description of the method of setting a finished piece 
in the steady rest for boring. 

38. Give a description of the proper method of setting a rough 
piece in the steady rest. 

39. Make a sketch of a correctly ground boring tool. 

40. Suppose we have two boring tools, one 4" from tool post 
to cutting point, and another 8" from tool post to cutting point. 
How much more will the longer one be depressed by the same 
cut than the shorter one? 

41. Make a sketch and give a careful description of the bor- 
ing tool-holder shown on page 98, of boring tools. Describe 
method of making boring tools for this holder. 

42. Make a sketch and give a description of a boring bar. 



CHAPTER XI 

BORING MILLS 

Vertical and Horizontal 

Their functions as productive machines. Construction of table. 
Difference between the two types of machines. Maintenance 
of parallelism. Facing attachment. 

69. Types of Boring Mills. The boring mill is ostensibly 
a face-plate lathe inverted. There are two types, the 
vertical and the horizontal, shown in Figs. 103, 105, and 
106. 

In the vertical type of machine the work moves, and the 
tool is fed against it. 

In the horizontal type the work is stationary and the 
tool, which is carried by either the main spindle or boring 
bar, or by a tool-head clamped to the bar, has both rotation 
and feed. 

Both machines have a broad field of usefulness and are 
classed as cheap-production machines, because of their 
adaptability to jig and fixture work. 

70. DiflSiculties to be Overcome. The life and accuracy 
of a lathe depends largely upon its main spindle, and unless 
the head stock is made very large the size of the spindle 
must of necessity, be limited. In clamping work on the 
face plate of a lathe for purposes of boring, as the size and 
weight of the work increases, the diflSculty of setting and 
securing it in place becomes more involved, but aside from 
this there is also the weight of the enormous overhanging 
parts, which increases the friction on the journal bearings, 
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Fig. 103.— Bullard VertioaL 
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creating rapid wear. The increased vibration as the weight 
increases must also be contended with. 

71. Vertical Boring Mill. In the construction of the 
vertical boring mill these difficulties have all been eliminated; 
an increased size of bearing is possible and it is so designed 
that the table has a self-centering tendency, a very important 
consideration. The work is easily clamped or chucked in 
position with less loss of time, and the multiple-head con- 
struction makes it possible to still further cheapen produo- 
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tion by havii^ a number of tools operating at the same 
time. Fig. 104 shows the large angular-bearing construc- 
tion of the table, with the method of oiling and driv- 
ing, etc. 

These machines are designated by the size of the table, 
as for instance a 30-inch mill has a table 30' in diameter. 
The smaller mills are made with single housing which carries 
the cross-rul; the sizes above 36" are made with double 
housing similar to that of a planer, and connected with a 
top r£ul. These machines carry a multiple tool, head or 
turret capable of holding a c<»nplete set of tools for finish- 
ing a job. 
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As a manufacturing machine the vertical boring mill is 
ranked among the foremost. It is more easily adaptable to 
jigs and fixtures than the old type of face-plate lathe, and 
can be run at a higher rate of speed and with heavier feeds, 
due to the perfect balance of its rotating parts. 

72. Horizontal Boring Mill. The horizontal boring 
machine is built on two distinct principles of construction 
or machine design. In one the bar, which is carried in a 
sliding head on an upright housing, as in Fig. 105, is raised 
or lowered to suit work conditions. In the other, the work 
is raised or lowered to suit bar conditions, as in Fig. 106. 
The important thing in each machine is to maintain 
parallelism, and when the platen is moved, as in Fig. 106, 
by means of the elevating screws, unless the knee is gibbed 
light and is at right angles to the ways to start with, the 
tendency to shift the level of the platen each time it is 
moved is inherent. On the other hand, any change in the 
outboard bearing bushing. Fig. 105, wherein it does not 
move accurately with the bar movement, is open to the 
same criticism. 

73. Special Types. Special forms of horizontal boring 
machines are in use for specialized product, such as frames 
for railway motors, cylinders for locomotives, etc. Where 
both faces of the cyUnder can be machined at the same 
time by means of the facing head attachment, as illustrated 
in Fig. 107, a device for clamping on the main bar or face 
plate of the machine performs the same function as the 
slide rest on a lathe when the tool post moves along the 
ways. 

The tool post traverses the entire length of the ways 
by means of the screw A, and these ways, being at right 
angles to the plane of the bar, face the cylinder head. 
The feed is the primitive star-wheel feed, which is at least 
fifty years old, having been used on the old type lathes 
which did not have power-feed attachments. The principle 
if its operation is rather ingenious, as the amount of feed 
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can be varied at the will of the operator. Aa the head X 
is rotated by the bar, the star wheel comes in contact with 
a stop pin which is clamped on the bed of the machine, 



Fig. 107 .--Facing Head Attachment 

or which fits in a hole designed to^cany it; one of the points 
of the wheel strikes on this pin, rotating the wheel, which 
in turn rotates the screw which actuates the tool. 



CHAPTER XII 
MILLING MACHINES 

The milling machine — the basis of its economic value. Different 
tjrpes. The essential parts. The index head. Direct and com- 
pound indexing. Cutting spirals. Milling cutters. Setting the 
machine for various operations. Speeds and feeds of cutters. 

Of all machines in the modem plant, the milling machine, 
it is safe to say, is the least understood, hence its great 
efficiency as an economic producer is not yet realized. There 
is no machine that will give a greater return for a conscien- 
tious study. A thorough knowledge of it is a liberal educa- 
tion to any mechanic, and he who masters it will get more 
and better work out of any of the other machine tools. 
Mediocre results have been obtained by many operators 
of this machine simply because of their failure to study 
it sufficiently to understand its possibilities. 

74. Advantages of the Milling Machine. The milling 
machine is by far the most useful machine of all; it is 
available for the greater part of the work that was formerly, 
and is to-day in many shops, done on the shaper and planer, 
and is a more economical producer than either. Since the 
advent of " high-speed " steels it has come into more general 
use in lieu of these machines. 

The advantage of the multiple-tooth milling cutter over 
the single cutter of the planer and shaper must be apparent 
to every mechanic; longer life and economy of time are the 
chief factors, but to realize these advantages, certain 
fundamental principles of the construction of the machine 
must be understood by the operator. 
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Feed Lever 
•>♦ Trip 



Fig. 109. — Construction of Plain Milling Machine. 




Fig, UO, — Construction of Universal Milling Machine (Brown & 

Sharpe.) 



MILLING MACHINES 



111 



76. Tjrpes. Milling machines are designated either as 
plain or universal. 

Fig. 109 illustrates the type of construction of a plain 
milling machine. It will be seen that the platen cannot 
be changed from its right-angled position; hence this 
machine is not available for spiral milling. 

Fig. 110 illustrates the type of construction of a universal 
milling machine, with compound saddle, which enables the 
platen to be swung to any desired angle to give cutter clear- 
ance for spiral work. 

76. Parts of Milling Machine. The column is the 
main casting upon which the knee travels up and down. 
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Fig. 111. 



On this knee is supported the saddle, which gives the in- 
and-out feed movements; the saddle supports the platen, 
which gives the traversing feed, and on the platen rides the 
index head and tail stock, both of which have centers upon 
which the work is supported. 

On all the feeds or screws used to give motion to the work 
are discs graduated to read in thousandths of an inch, 
insuring great accuracy. 

Of the other parts, the first important thing to study is 
the arbor which carries the milling cutter. It is designed 
to fit into the taper which is bored in the front end of the 
main spindle of the machine; see Fig. 111. There are no 
recognized standard tapers for these arbors, different makers 
having their own individual standards. The arbor should 
fit perfectly in its socket, and should have a key, also, not 
relying on the friction alone to drive without slipping. 
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The arbor is also supported on the outer end by the out- 
board bearing which slides along the overhanging arm. 

The arbor is drawn into place by a long rod which runs 
through the hollow spindle of the machine. This rod has 
a collar, as in Fig. Ill, which beds against a sleeve threaded 
into the back end of the main spindle, Fig. 112; this sleeve 
being thus constructed for the purpose of removing the arbor 
by screwing in against the collar. 

The arbor is ground to some standard size, according 
to the size of the machine it is intended for, |" or 1" diameter. 
The nut on the arbor has a left-hand thread in order that the 
cutting resistance may tighten rather than loosen it, which 
would be the case were it right-handed; see Fig. 113. 




Main Spindle 



1 



Draw in Rod 



7 



i 



Fig. 112. 



Collets of varying lengths are made for the purpose 
of spacing the cutters, and also to act as washers for holding 
the cutters tight. The cutters should also be held by a key 
to keep them from rotating, not relying on the frictional 
hold of the collets. The varying lengths of the collets are 
for use in gang milling, to space the cutters, as in Fig. 113. 

It is very important that the ends of these collets should 
be faced true and parallel, and at right angles to the bore, 
the edges being rounded as in Fig. 113, because the rounded 
edges lessen the possibility of the faces becoming burred. 
This is very important, for these collets are among the 
most important attachments of the milling machine; no 
matter how well designed or how powerful the machine 
may be, carelessness in this particular will surely defeat 
good work. 
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The question naturally arises: Why is so much emphasis 
laid on these collets? And it is now answered by another 
question: What is the advantage of having a* cutter with, 
for example, 32 teeth, unless every one of the 32 teeth per- 
forms an equal part of the work? This is only possible 
when the arbor runs perfectly true, and to insure this the 
collets must also be true, with no dirt or burr on their faces; 
if there is, when the nut is tightened the arbor will bend, 



Cutter 




Nut' 



GANG MILLING 




W, 







Ck)Uet 




Fig. 113. 

with the result that it and the cutter will run out of true, 
cutting only on the high side, with but few of the teeth. 

The milling cutter should be located on the arbor as close 
to the column or main casting as the work permits, so that 
as short a leverage as possible is secured, and the outer 
bearing should be brought as close to the cutter as possible 
and yet clear the work. 

The many cutters and their uses will be considered later. 
We shall now take up the index head, the most important 
and complicated attachment of the milling machine. 
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77. The Index Head. In examining the construction 
of the index head, Fig. 114, it will be noticed that the hous- 
ing is graduated in degrees, which indicates at once that the 




Fig. 114.— Index Head. 

head can be awiveled to any angle for taper work of any 
kind. The method of clampii^ the head in any desired 
position is by means of the bolts on either side. 

After using it in any position out of the horizontal, it 
is not wise to rely on the graduations in bringing it back 



into place, for it is difficult to set two lines together by the 
eye, such settit^; being at all times only an approximation; 
nor can it be set by pushing the tail spindle up to it and 
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again relying on the eye. A straight cylinder, either cast 
iron or any other material, should be put on the centers, 
and raised toward the cutter, and the contact felt with a 
piece of heavy paper such as an ordinary envelope, about 
.004" thick. Then reverse the cylinder and repeat the 
operation of calibrating with the paper; in this way great 
accuracy can be obtained. 

The mechanism of the index head is so arranged, through 
the medium of the worm and worm wheel, that the index 
head spindle and the work it carries can be rotated, so that 




Index Circle of 
27 Holes 



Fio. 116. — Six turns past a and up to &, 18 more holes. 



any part of the working surface, square or round, can be 
operated upon. There is a definite ratio between the worm 
and worm wheel of 40 to 1 ; that is, 40 turns of the crank, 
which operates the worm, will rotate the worm wheel once. 
As the worm wheel is fastened to and travels with the 
spindle of the head, the spindle is thus revolved once. 

In using the head, after one side of the work is cut, 
lower it away from the cutter far enough to insure clearance 
in turning the work. Then pull the crank of the head toward 
you, out of the hole, being careful not to change the posi- 
tion of the fingers. Do not turn the crank beyond the 
stopping point, because, in running back, any lost motion 
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in the head will defeat accurate dividing; always stop 
between the last two holes and gently push to the required 
stop hole; the pin of the crsmk will then spring into place 
and hold it as indicated in Fig. 116. 
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78. Compotind Indexing. Thus far what is known as 
direct indexing has been described, and while the descrip- 
tion covers most of the work of the index head, there are 
times when it is necessary to compound the indexing on 
work where it is desired to make divisions which no circle 
in the index plate will give. 

Brown and Sharpe, in their treatise on the index head, 
use, as an example, 69 divisions, and very clearly illustrate 
the method of obtaining them, through compound index- 
ing. It will require 40/69 of a turn to rotate the work 
1/69 of a revolution. In this example they use the 23 and 
33 circles on the index plate. If the head were moved 21 
holes in the 23 circle, it would give 21/23 of a turn. 21/23 = 
63/69, and we desire only 40/69, hence it has moved 23/69 
of a turn too far. If now we turn back 11 holes in the 33 
ckcle, we have 11/33 = 1/3 = 23/69; hence (21/23-11/33) = 
(63/69-23/69) or 40/69. 

The method of doing this on the head is as follows; The 
work is turned through 21 holes in the 23 circle, and then 
turned in the opposite direction through 11 holes in the 
33 circle. The movement is made in the ordinary direct 
indexing manner. The stop pin, which keeps the index 
plates from rotating when the crank is being moved, is 
placed in the 33 circle, the crank is pulled out and moved 
21 spaces on the 23 circle, numbering them off by means 
of the fingers. The next movement leaves the index crank 
in the 23 circle, while the stop pin is pushed out of the 33 
circle and the whole index plate moved 11 holes in the 
opposite direction from that made by the crank. These 
holes must be counted, the mistake of counting the stop 
pin hole as one of the 11 being carefully avoided. Count 
11 beyond the one in which the stop pin was first placed. 
It is important in all indexing to remember that the number 
of holes to be counted is always independent of the one in 
which the pin is at the time. 

In this example we moved the index crank (turned ^le 
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work) too far forward, and then moved it back. In some 
cases of compound indexing we might turn the work the 
right distance by moving the crank a fractional part of the 
required amount upon one circle, and the remainder upon 
another. The circles chosen would, of course, necessarily 
be such as would indicate fractions which, added, would 
give the correct amount. 

79. Milling Spirals. The diflFerence between the plain 
milling machine and the universal has already been noted. 
On only the universal milling machine can spiral work be 
done, owing, as has been seen, to the construction which 
enables the platen to be swimg to any angle, to accommodate 
itself to the pitch desired. The turning of the platen to 
any angle is for no purpose other than for clearance of the 
milling cutter, and has no connection whatever with chang- 
ing the pitch of the spiral cut. The desired pitch could be 
obtained if the platen were left in its right-angled position, 
but the shape of the cut would be changed. 

By the pitch of a spiral is meant the distance the platen 
(which carries the work) travels while the work is rotated 
once. Note the construction of the indexing head and see 
how this compound motion is eflfected. The small spindle 
o, Fig. 114, extends through the box 6 and carries a bevel 
gear which engages with another bevel gear; the latter 
gear is keyed on the shaft which carries the worm c. On 
the opposite end of this same shaft is an extension or bear- 
ing upon which a gear of any desired size can be slipped. 
This gear on the worm shaft engages a gear on a stud car- 
ried by a yoke; a second gear on this stud engages the 
gear on the screw which actuates the travel of the platen. 
, Four gears, then, are necessary for spiral work, namely, 
a gear on the worm shaft, first gear on the yoke stud, second 
gear on the yoke stud, and a gear on the screw which operates 
the platen. Figs. 117 and 118. The former figure shows the 
arrangement of these four gears for spiral cutting, and 
indicates the first gear on the stud (the first gear slipped on) 
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and the second gear on the stud as the one following it. 
This is the Brown and Sharpe practice in designating the 
stud gears. 

To select gears for any desired pitch of spiral, it is 
essential that the lead of the machine platen be known. 
As indicated in Fig. 117, the gear on the screw and the first 
gear on the stud are the driving gears, the second gear on 
the stud and the worm gear being driven. Now, if the 
number of threads per inch on the screw were 4, knowing 
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that the ratio between the worm and worm wheel is 40 
to 1, it is obvious that if all four gears were of equal size 
the platen would advance 10" while the index head revolved 
once. If there were 5 threads per inch on the lead screw, 
with gears of equal size, the advance of the platen would 
be 8". Hence we designate this advance as the lead of 
the machine. Now, as the driven gears are actuated by 
the driving gears, and as the pitch of the spiral desired 
is in ratio to the lead of the machine, therefore 

Driven gears _ Required spiral 
Driving gears "" Lead of machine" 

That is, the ratio of the driven gears to the driving gears 
equals the required spiral divided by the lead of the machine. 
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Suppose, for instance, it is desired to cut a spiral of 20" 

to one turn, on a machine with a lead of 10". It can be 

20 
expressed as r^, but as we need 4 gears to obtain a spiral, 

20 4 5 

we will resolve y^ into the factors ^X^, which, multiplied 

together, give ^. 

As we cannot have gears with so few teeth as 4, 2 or 
5, we must multiply both terms of the fraction in each 
case by a number which will give us a gear of practicable 
size. (Both terms of a fraction can be multiplied by the 
same number without changing its value.) We did a similar 
thing in finding the gears for thread cutting, upon the engine 

lathe. Thus we can multiply ^ by ^y giving us 275, and 

5 ,^. ,. J , 10 . 50 /80^50 400 20 

^ multiphed by^ gives us ^; [.-x^=^ = ^y 

original ratio). We now have, therefore, injX^ as our 

ratio of driven gears to driving gears; that is, the former 
will be 80 and 50, and the latter 40 and 50. These numbers, 
of coiu*se, mean the number of teeth upon the respective 
gears. 3y reference to Fig. 117 we now see that we need, 

an 80 gear on the worm shaft, 
a 50 gear for the first gear on the stud, 
a 50 gear for the second gear on the stud, and 
a 40 gear on the screw. 

These gears will give a spiral of 20" to one turn, which 
can be readily seen, as the size of the gear on the worm is 
double that of the screw gear, thus doubling the lead of 
10", both stud gears being equal. 

80. Obtaining Angle of the Platen. Having determined 
the gears, it will be necessary now to swivel the lathe or 
platen a certain number of degrees for cutter clearance. 
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We will assume that it is the spiral groove in a twist drill 
of 1" diameter that we desire. There are two ways of 
getting the angle of the platen: one by laying it out on a 
sheet of tin or paper and using a bevel protractor, and the 
other by figures. 

The graphical solution is as follows: We know that the 
length is to be 20"; draw a horizontal line 20" long, as 
in Fig. 119. The diameter is 1", but we know that the 
spiral traverses the whole circumference, which is 3.1416 
times the diameter. Draw a vertical line of 3.1416" 
at the extreme right-hand end of the 20" horizontal line, 
and connect the two points a and 6 with a line c. With 
a bevel protractor the angle of this line can be obtained, 




Fig. 119.— Graphical Solution (Scale one-quarter size.) 

and by cutting out the paper figure and winding it around 
the work, the angle is indicated. While this method is 
easy to understand, it is not so easy to lay off the distance 
8.1416", but it will help the student if he bears in mind 
that this is approximately 3^". 

The method of figuring the angle is quite simple, using 
the terms of elementary trigonometry. 

Taking the same spiral of 20", the vertical line of 3.1416" 
in the triangle, Fig. 119, divided by the horizontal line 
of 20", is the tangent of the angle at a. 

^^^^ = .15708= tangent angle at a. 

Looking in a table of natural tangents, see pages 122 
and 123, we find the number .15708 is not given, the nearest 
to it being .15838, which corresponds to 9°. As .16708 is 
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slightly less than .15838, the angle to which we must turn 
the platen is a little less than 9°. 

81. Milling Cutters. The simplest form of railling 
cutter is conmionly termed a fly cutter. Such a cutter, 
with a single cutting edge formed to suit any desired shape, 
is cheaper than a regularly formed milling cutter, and is 
useful in model work, particularly when only one or two 
parts of a kind are required, and when expense is a factor. 



V 



Fig. 120.— Forms of Fly Cutter. 




Formed Cutter 

Fig. 121. — ^Lines Indicating Repeated Grinding without Affecting 

Size and Shape of Cut. 

It is particularly adapted to the production of irregular 
shapes and contours, such as are required on screw machines. 
Having only a single cutting edge, the wear is of course 
greater than on a multiple tooth cutter, hence it needs 
grinding more frequently. 

All cutters are form cutters in that they produce some 
form, but the term formed cutter is applied to the construc- 
tion of the cutter from the standpoint of clearance, which 
is so designed that the size of the cut and the form remain 
constant, no matter how often it is ground, as indicated 
in Fig. 121. 
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There is a limit to the size of these solid formed cutters, 
and the limit is controlled partly by the economic factor. 
First, the amount of tool steel, which is expensive, is con- 
siderable in a large cutter. Second, when a tooth edge 
breaks it practically invaUdates the whole cutter. The 
limit for such cutters is about 7"; after this size is exceeded, 
the inserted-tooth milling cutter takes its place. This is 
a built-up cutter where only small pieces of tool steel are 
required for the cutting teeth; the body of the cutter may 
be made from cheaper material, such as cast iron or soft 
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Fig. 122.— Inserted Tooth Cutter. 



machinery steel. In case of breakage of the tooth edges, 
the expense of renewing is reduced to a minimum. See 
Fig. 122. 

82. Different Cutters for Different Uses. There are 
many different milling cutters regularly made and used 
besides numerous special cutters for less common use. 
The following list contains the more usual onep; the names, 
sizes, and specifications conform to Brown and Sharpe 
practice. They are made in both carbon and high speed 
steels. 

Plain Mills, with teeth upon the face or edge only, for 
surfacing; widths range from 3^" to 6" and diameters 
from 21" to 4J". Where the face is more than J" wide, 
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the teeth are spiral instead of straight. These cutters are 
also made with nicked teeth for use in heavy milling, the 
efifect of the nicks being to break up the chip. 

Side Mills, with teeth upon both sides and edges; 
widths range from 3^" to If", and diameters from 2" to 
8". These may be used in pairs for sizing bolt heads, 
for example, and are then termed " straddle mills." Large 
sizes of plain and ^ide mills, up to 10" in diameter, are made 
with inserted teeth, as elsewhere described. 

End Mills, with either straight or spiral teeth, and either 
right or left-hand. Sizes range for \" to 2" in diameter, 
and from jf " to 2J" in length of cut. These are 
ordinarily made with taper shanks, but shell end mills are 
also made, for use with arbors. 

T-slot Cutters, sizes ranging from ^"X A" to If'XM". 

Metal Slitting Saws, sizes ranging from ^" thick and 
2\" diameter to |"X8". They are ground on the sides 
and made thinner toward the center to give clearance when 
cutting deep slots. One special form of this cutter is the 
" formed saw '' for cutting soft metals; another is the 
screw slotting cutter for slotting screw heads. The latter 
has fine teeth and is not ground with side clearance as it 
is used for shallow cuts. 

Angular Cutters, made with different angles, for cutting 
the teeth of other cutters. Sizes range from 2^" to 3J" 
in diameter; thickness usually i". 

Cutters for Grooving Taps and Reamers. Sizes range 
from 2" to 2|" in diameter; thickness is proportioned to 
sizes of taps or reamers to be fluted. 

Cutters for Grooving Twist Drills. Sizes range from 
2" to 3" or 4J"; thickness proportioned to sizes of drills. 

Convex and Concave Cuttexs. Sizes range from |" 
(diameter of circle) X 2" to U"X4|". 

Cutters for Rotmding Comers. Sizes range from 



xe" (radius of circle) X2" to |"X3f". 



Gear Cutters, for involute or epicycloidal teeth. The 
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set of cutters for each pitch will cut all the gears from a 
rack down to a pinion of 12 teeth. 

Worm Hobs for cutting the teeth of worm-wheels. 

Formed Cutters for special work; these may be obtained 
in a great variety of outlines. They are made to special 
order only. 

There are other cutters which, in most cases, are 
modifications of those named. 

Various shapes are used for fluting taps, according to 
the preference of the manufacturer. Figs. 123 and 124 
show two common froms of these, m and n. In using the 
cutter m, the distance marked x is ^ of the diameter 





Fig. 123. 



Fig. 124. 



Cutters for Fluting Tops. 



of the work, and the depth of the cut for this cutter is .23 
of the same diameter. In using n, the distance y andthe 
depth of the cut are approximately J of the diameter of 
the work. Most shops have tables of cutters posted, 
from whict these measurements may be taken. 

The width of cutters for milling the spiral grooves in 
twist drills varies among the different manufacturers, 
but in each case the increase in the width of the cutter 
is in direct proportion to the increase in the diameter of the 
drill to be cut, as indicated on the chart, Fig. 125. From 
this chart it may be seen that the approximate width of 
the cutter to be used in milling twist drills is 60 per cent, 
or f , of the diameter of the drill to be cut, For example, 
a drill 1" in diameter would require a cutter .6" wide. The 



128 MACHINE SHOP PRACTICE 

center line of the cutter is placed directly over the center 
of the drill before the platen is swiveled to the correct 
angle. One method of arriving at this center line of the 
work is to brii^ the cutter to within a few thousandths 
of an inch of the work, using stiff paper, such as a piece 



m 



width of Cutter 
Fio. 126. — Increase in Width of Cutter with Diameter of the DriU. 

of an envelope or writing paper about .004" to .005" thick 
to feel the contact and then pacing the cutter over the 
work until contact through the paper is obtained; then 
use the vertical screw micrometer, advancing .001" at a 
time, each time passing the cutter over the work. FinaDy, 
a hair line will appear on the exact center of the work, 
to which the center line of the cutter must be brought. 
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The depth of the cut is approximately A of the radius 
of the drill; there is considerable variance among manu- 
facturers. Moreover, the use for which the drill is intended 
is an important factor in considering this depth, upon which 
the thickness of the point depends^ According to all 
practice this thickness increases as the drill becomes short- 
ened through grinding and breakage. 

When a. very wide cut is required, or several different 
planes and shapes are to be produced at once, several cut- 
ters are used and the term gang milling applied, as illus- 
trated in Fig. 113. On broad surfaces a milling cutter 




Fig. 126. — Spiral Mill, Showing Internal Construction. 



is used having the teeth cut on a spiral, which gives a shear^ 
ing cut, requiring the minimum energy, for the reason that 
the cutting edges are at an angle. The cutting action is 
similar to that of a file. 

Note that this cutter is recessed, leaving only end 
bearings to fit the arbor. This recessing is for the purpose 
of counteracting what occurs during the hardening and 
tempering process. When the cutter is plunged into the 
hardening solution, only the outside comes in contact with 
the chill of the solution, the inside being still hot. The 
chill eflfects a contraction on the outside while the inside 
is still expanded, resulting in a distortion of the cutter, as 
shown in Fig. 127. This would require lapping or grinding 
out, consuming unnecessary time and requiring exceed- 
ingly high-grade skill, for it is essential that the cutter 
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should fit the arbor perfectly without any tendency to 
rock. By recessmg, only the end bearings need be finished, 
requiring the minimum bearing on the arbor. See Fig. 128. 
This is an example of the economic considerations with 
which every mechanic should be familiar. 
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Fig. 128. 



The angular cutter which is used to cut a spiral cutter 
is made usually with faces of 12° and 48° inclination to 
the plane of the cutter, thus forming a 60° angle of the 
profile of the cutter. The cutter is set tV of the diameter 





Fig. 129.— Cutters for Twist Drills. 



of the work off center, bringing the 12° face in line with 
the radius of the work, which is the desirable angle for the 
cutting faces of the spiral teeth. See Fig. 129. The center 
line of the cut must be obtained hejore swinging the platen 
to the desired angle. 
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In fluting end mills a 70° cutter is usually employed 
but an 80** gives a stronger tooth. 

83. Width of Cut. In using any milling cutters, espe- 
cially saws and slot cutters, or where the width of the cut 
is important, it is necessary to be very careful. Do not 
place too much reliance upon a measurement of the cutter, 
even with the micrometer, because there is always danger 
that the cutter will not rim perfectly true sidewise; in 
that event the slot will be wider than the cutter. You 
can test the width of the cut by making a trial cut in a piece 
of cast iron, or other material, and then filing a piece of 



Gutter 






Fig. 130. Fig. 13L 

Varius Shapes of Cutters for Special Purposes. 

brass to fit it; a micrometer measurement of this will 
show what the cutter will actually do. 

To test the accuracy of the setting of a cutter for cutting 
a key-way on the center of a shaft, a trial slot may be made 
on a waste piece; then tiun this piece end for end on the 
centers, and try the cutter in the slot. 

A general rule, suggested by the foregoing, is this: Never 
take anything for granted, always prove your work. 

84. Cutting Gears. In cutting spur gears upon the 
milling machine the blank may be held upon an ordinary 
arbor with a dog attached, although a taper shank arbor 
fitting the index spindle and supported by the tail stock 
center is a better method. If the dog is used care is 
necessary to see that it does not spring the arbor. 

The two important points to be observed in setting the 
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machine are: first, that the cutter is central with the line 
of index centers, and second, that the cut will be the correct 
depth. To test the first, use the method given in connec- 
tion with the cutting of a central key-way in a shaft- For 
the second, the depth may be marked on the side of the blank, 
but a better way is to raise the blank carefully until the 
cutter just grazes it; then set the micrometer disc on the 
vertical feed shaft at zero, move the blank away from the 
cutter horizontally, and raise it the number of thousandths 
required for the correct depth of the teeth. 

According to Brown and Sharpe, it is more economical 
to mill the faces of worm wheels than to turn them in the 
engine lathe, and the results are better. In cutting the 
teeth of a worm wheel a disc cutter may be used to rough 
them out; the cutter is set central with the line of the 
index centers and the center of the face of the wheel is brought 
under the center of the cutter arbor. The platen is then 
clamped and the saddle turned for the correct angle of the 
teeth. The teeth are finished by using a worm hob; when 
the shaft of the worm wheel is at 90° to the worm shaft 
the fiiaddle should be set at zero. 

Bevel gears can be cut on a universal milling machine 
although the results only approximate the theoretically 
correct teeth. The tooth of a bevel gear tapers from end 
to end; therefore the outline at the large end is not the same 
as at the small end. A rotary gear cutter must, of course, 
cut the same outline throughout the length of the tooth. 
The usual method is to take two cuts for each space, one 
for each side, the blank being so held that the tooth will 
taper in thickness. To modify the outUne to a practicable 
shape, the tooth is then filed. The filing is, in effect, to 
round over the top of the tooth down to the pitch line, 
and is heaviest at the small end, tapering off to nothing 
at the large end. A workman can become very skilful 
at this filing. 

86. General Rules. A milling cutter should always 
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run away from the cut, in the direction indicated in Fig. 
132. If run in the opposite direction, or toward the cut, 
it would tend to climb up on the uncui metal and this would 
result in broken teeth. 

The efficiency of the milling cutter depends upon the sharp- 
ness of the cutting edge. No multiple tooth cutler can he ground 
by hand. 

The greatest care should be taken in the grinding or 
resharpening of the cutter also, for if the teeth are not 
ground uniformly the cutter will rim out of true. 
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Fig. 132. — Direction of Rotation of a Milling Cutter. 

In milling wrought iron and steel a lubricant is neces- 
sary; lard oil is best for this purpose. 

86. Number of Teeth on Cutters. Practice varies in 
this respect, the English practice running to finer teeth 
than the American. There are two sides to the questiwi; 
with finer teeth the number is larger, but in addition to 
this there must be considered the resistance offered by 
the increased number of cutting points, which limits the 
depth of the cut and the feed. The coarser, longer teeth 
give possibilities of greater depth of cut, because of more 
clearance space. 

In Enghsh practice the circumference of the blank for 
the milling cutter is divided by .28; in American practice 
by .40; as, for example, in making a cutter of 3" diameter: 
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3X3.141=9.423 
9.423 ^ .28 = 33.6 (34 teeth) 
9.423-^.40 = 23.5 (24 teeth) 

87. Speeds and Feeds of Milling Cutters. So many 
varying conditions must be considered that it is impossible 
to give figm-es for speeds and feeds that could be of much 
value to the mechanic. The time element is a factor that 
is too often ignored, and while there are many tables of 
speeds and feeds now extant, experience has proven that 
little value can be attached to them. There are many 
grades of cast iron and many of steel. In one case it might 
be perfectly feasible to run 80' per minute, with a 10 
or 12" feed for a depth of .040" on a length of cut of 1^ 
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Increase the depth of the cut to .080" and the length of 
the cut to 6", where the cutter remains in contact a longer 
period of time, and it will be found economical to reduce 
the speed to 60' per minute, and the feed to 2" per minute. 
Milling cutters are expensive, and when the keen cutting 
edge of the tooth is once gone it will not cut, but will simply 
peen the metal and rack the machine. So it is always 
economical to keep the feeds and speeds well within safe 
limits, because the time required to do the work is not the 
only item upon which cheap production is based. The 
life of the cutter and the depreciation of the machine tool, 
to say nothing of the overhead charges, must all be con- 
sidered. Experience with many kinds of materials and 
tool steels prove that the following figures are much nearer 
the economic limit than many of the usual tables give: 

Annealed tool steel ... 28 f eet/m, feed .6"/m. 

Soft steel 42 feet/m, feed .8"/m. 

Cast iron 50 to 60 feet/m, feed li"/m. 

Brass 90 to 100 feet/m, feed 2"/m, accord- 
ing to its alloy 
Bronze 78 feet/m, feed l^"/m. 



CHAPTER XIII 

MEASURING INSTRUMENTS 

Micrometer and vernier. Conversion tables. Measuring blocks; how 
constructed and used. Tables of decimal equivalents. 

The simplest measuring instrument used by the machinist 
is the steel scale with its various graduations. In connec- 
tion with it, for use where only approximately accurate 
measurements are required, are the familiar calipers, inside 
and outside, of several designs. 

88. The Micrometer. The micrometer caliper is designed 
for very accurate measurements, and should be in the hands 
of every mechanic and every beginner. The day of the two- 
foot rule is past. We now talk in thousandths of inches 
instead of sixteenths, and it is well to learn also to think 
in thousandths, because such thinking helps to form habits, 
of precision and care which the would-be successful man 
needs. 

Fig. 133 shows the conmion type of micrometer, but 
micrometer measurements can be made in very many ways 
other than with this particular type. Any two numbers 
which, multiplied together, give a product of 1000 are the 
basis of the micrometer system. For example. Fig. 134 
is a screw of 10 threads per inch with a disc a fastened to 
it; this disc, graduated in 100 parts, will give micrometer 
measurements; that is, the point of the screw will advance 
.001'' when the disc is rotated one graduation mark. 

The type of tool represented by Fig. 133 has 40 threads 
per inch on the spindle and is graduated on the barrel or 
sleeve a into 26 divisions; 40X25 = 1000. One turn of 
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the barrel a advances the spmdle which is attached to it 
.025" on the extension 6, over which the barrel slides. 
You will note the small divisions represented in Fig. 135, 
each one of which represents one turn of the barrel, or 
.025"; four turns of the barrel, or .100", is represented by 
the long line at 1; 8 turns or .200" by the long line at 2, 
and so on up to the inch, or 1.000". 
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The Micrometer. 



89. Reading the Micrometer. In Fig. 136 is repre- 
sented a micrometer to which the beginner can readily 
apply the text and learn the reading. The rotation of the 
barrel is toward you to increase the reading; away from 
you to decrease it. The barrel is marked 0, 5, 10, 15, 20, 
as in the lower cut. As each of the small spaces between 
0-1, in the upper cut, represents one turn of the barrel, 
or .025", and as there are 14 of these spaces uncovered, 
therefore, 14 X .025" = .350", the correct reading. 

Fig. 137 requires a fractional reading. There are in 
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this cut five of these small (.026") spaces and a fraction 
of another uncovered. The five spaces give us: 5X.026 = 
.125". To determine the fractional part of the sixth space, 
which is uncovered we must note the position of the barrel. 
When the end of the barrel was on the line between the fifth 
and sixth spaces, the mark on the barrel coincided with 
the longitudinal line on the stem g; to uncover this part 
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FiQ. 137. 
Micromoter, Showing Method of Reading. 



of the sixth space the barrel has been turned through 
7 (5+2) of its own divisions. As each of these divisions 
represents .001" (^ of ^V), this partial space represents 
.007". Therefore we have, .125" +.007" = .132" for the 
complete reading. 

Now, if the barrel were further rotated, more of the sixth 
space would be uncovered, and the reading on the barrel 
would increase until the line would again coincide with 
the line on the stem g, when six of the stem divisions would 
be uncovered; 6 times .025, or .150" would be the reading. 
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In making a succession of measurements involving 
fractional turns of the barrel, time will be saved by adding 
or subtracting from the previous reading .001" for each 
of the barrel divisions which pass the line on the stem. 
When the new setting is obtained by turning the barrel 
toward you, add; when it is obtained by turning the barrel 
away from you, subtract. 

Micrometers are often made with a knurled extension 
on the end of the barrel (see Fig. 133); this is a friction 
device which slips when the caliper is set to the right point 
to give the accurate dimension of the work. It prevents 
straining the caliper and avoids the possibility of spring- 
ing it. 

Remember that the micrometer is a caUbrating device 
only, and must be handled delicately. It should never be 
used on work while the latter is revolving, as in the lathe. 

While certain modem machines are now made with 
micrometer discs on the feed screws, any mechanic can 
attach them to a lathe, planer, shaper, or any of the other 
machine tools in the shop, and it will pay to do so. First 
get the pitch of the screw which. moves the tool or work; 
if it is 10, the number of graduations on the disc must be 
100. If the screw has a pitch of 4, 250 graduations must 
be made on the disc; if it has a pitch of 8, the disc must 
have 125 graduations, and so on. The size of these graxiua- 
tions depends on the size of the disc; the larger it is, the 
farther apart the marks will be. 

90. The Vernier Caliper. This instrument, as shown 
in Fig. 138, consists of a graduated bar with a fixed jaw 
at one end, and a sliding jaw which carries the vernier 
scale. The vernier is named after Pierre Vernier, the 
French mathematician to whom we are indebted for it. 

In the vernier shown, the inch graduations on the bar 
or limb are subdivided into 40 equal parts. The vernier 
is so divided that 25 of its divisions equal 24 of those on 
the limb. The vernier b may be moved over the fixed 
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scale a by means of the small screw c, and gives readings 
of :iVth of an inch on the limb and Virth of this amount 
on the vernier b. As in the micrometer, -g^ of iV = '001. 
These graduations might just as well be 50 per inch on the 
limb and 20 on the vernier, these 20 equalling 19 of the limb 
divisions (j^ of 3^ = -001). 

91. Reading a Vernier. First, read the last limb sub- 
division passed over by the zero of the vernier as the 
reading of the limb. Second, look along the vernier scale 
imtil a line is found upon it which coincides exactly with 
a hne on the limb scale. Read the number of the line 




Fig. 138.— The Vernier Caliper. 

from the scale of the vernier; this is added to the reading 
of the limb scale to obtain the total reading. 

In Fig. 138, if you read along the limb scale, you will 
note that the zero on the vernier is beyond the 16th long 
line on the limb scale; the reading is 1"+T®ir (1.6") +a 
fractional part of another 10th of an inch. Now it is 
necessary to get the vernier reading to add to this, as you 
will note that the zero mark of the vernier is between two 
lines on the limb. Read along the vernier scale and you 
find that line number 20 on the vernier coincides with a line 
on the limb scale. Therefore .020" is the vernier reading 
and we have 1.6"+.020" = 1.620" as the total reading of the 
opening between the jaws of the caliper. A little practice 
will enable you to read very accurately and very quickly. 
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A vernier scale is often placed upon the stem of s 
micrometer caliper, and allows readings to the 10,000th 
part of an inch. 

92. Micrometer Stops. The use of the micrometer 
system of measurements is pretty old, but to-day modern 
machine builders, as already noted, use it on the feed 
mechanisms, and it even finds use as a stop on the lathe 
beds, consisting, in such cases, of a screw and disc similar 
to that in Fig. 139, and applied as in Fig. 140. 
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Fig. 139. Fig. 140. 

Micromoter Stop for Lathe Bed. 

93. Caliper Squares. The caliper square resembles 
the vernier caliper without the vernier graduation. It 
is not suitable where extreme accuracy . is required, but 
is used where duplication is necessary, and when the num- 
ber of pieces of work will not warrant the expense of a set 
of fixed gauges. 

94. Measuring Blocks. It is often desirable to have 
a piece of work very accurate as regards paraUelism of 
slots or grooves, even when it is not essential that these 
slots be of an exact stipulated size. For example, a 
small cross-head is required to sUde between guides whose 
parallelism must be absolutely accurate, yet the width 
between the guides need not measure to within a few 
thousandths of a stated dimension. 

Small pieces of steel of various sizes and shapes to 
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suit the required conditions axe machined, hardened and 
lapped, and used as gauges. They are sometimes square, 
sometimes round, and at other times angular to fit dove- 
tails, etc. 

95. The Metric System. In many of our American 
shops to-day the metric system of measurement is largely 
used; the micrometer and vernier calipers are graduated 
to suit either the EngUsh or metric system. It will be 
well, therefore, for the mechanic to familiarize himself 
with both systems. 



TABLE OF METRIC LINEAR MEASUREMENTS 

10 Millimeters — 1 Centimeter. 1 Centimeter » .3937 Ins. 
10 Centimeters = 1 Decimeter. 1 Decimeter = 3.937 * ' 
10 Decimeters ^1 Meter. 1 Meter =39.37 '' 



CONVERSION OF ENGLISH TO METRIC MEASURE 

Engliah French or metrio 

39.37 inches 1 meter 

1 foot 3048 meter 

.3937 inch 1 centimeter 

1 inch 2.154 centimeters 

.03937 inch 1 millimeter 

At inch (approximately) is equal to a millimeter. 
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CHAPTER XIV 
GEARING 

Different kinds of gearing and their application to machine design. 
Their various uses. Calculations for different gears. Diametral 
pitch, circular pitch, linear pitch. Worm wheel and worm rack 
tooth and its development. Spiral gears. 

96. Underlying Principles. There are many treatises 
on gearing, covering many hundreds of pages, for the 
subject is scarcely exhausted in a single book, but there 
are a few simple principles which underlie and form the 
basis of these treatises, with which the machinist must 
be familiar. 

The term gearing is applied to positive driving mechan- 
ism, when, through a traini of gears, machinery is put in 
motion, either to drive the work or the tool. By a train 
of gearing we mean the sequence of gears which make up 
the complete transmission series. 

Power is applied to the lathe, for example, through its 
back gears, and the four wheels or gears constituting the 
train include the small gear on the end of the cone pulley, 
the large gear on the back gear shaft, the smaller gear on 
the same shaft, and the large gear on the main spindle 
of the lathe. The transmission is direct between the 
first and second, through the back gear shaft between the 
second and third, and direct between the third and fourth. 

97. Kinds of Gears. The spur gear is the usual plain 
gear; it is most commonly used for the transmission of 
power in machine tools. 

The bevel gear is used to transmit motion between two 
shafts at any angle to each other. Bevel gears may be and 
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usually axe of different sizes. They have a well-defined 
shape of tooth which is identical in all. 

The miter gear is a bevel gear, but the term is appUed 
to gears of the same size, which always transmit motion 
at 90®. Therefore, all miter gears are bevel gears, but 
ail bevel gears are not miter gears. 

A Worm gear is a gear that is used to transmit great 
power where speed of rotation is not considered, on the 
principle of raising a great weight by the wedge or inchned 
plane. The face of the angular tooth of the worm acts as 
a wedge or inchned plane. 

Spiral gears are made from a straight faced blank, 
with the teeth cut on a spiral. They are used in various 
ways, as they can be run in any position or at any angle. 

A rack is a rectangular steel bar with gear teeth cut 
upon one face. 

98. Design of a Gear. The student will perhaps get 
a clearer idea of the general design of a gear if he will first 
imagine two wheels in contact, rim to rim, one driving the 
other by friction. The rims or faces roll upon each other. 
If sUpping could be avoided, this would be a practicable 
method of transmitting power, but a more positive means 
is necessary. To transform these wheels into spur gears, 
we can imagine the rims suppUed with teeth, the upper 
half of each tooth being added on, or projecting beyond, 
the original rim or face, and the lower half of the tooth 
formed by cutting grooves across this face. This added 
part of the tooth is called the addendum; the lower part 
is called the dedendum. The upper half, or addendum, 
of the tooth upon one wheel will project into the groove 
in the other wheel. Now the pitch circle of the gear is 
represented by the original rim of our friction wheel. 

So far as our description has now gone, you would say 
that the pitch circle of a gear is the circle half way between 
the tops and bottoms of the teeth. But the grooves cut 
in the rim of our friction wheel would have to be a little 
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deeper than the length of the half-tooth, because clearance 
is necessary between the tops of the teeth upon one gear 
and the bottoms of the spaces between the teeth of the other. 
In Fig. 141, therefore, you will be able to find the pitch 
circles (our friction wheels), the circles locating the tops 
of the teeth (addendum circles), the circles locating the 
depth to which the teeth of the other gear extend (working 
depth circles), and the circles locating the actual bottoms 
of the teeth (whole depth circles) . 




99. Pitch. There are certain other terms used in ref- 
erence to gears, which the student is now prepared to learn. 
We speak of pitch as diametral, and circular or linear. 
By diametral pitch is meant the number of teeth for every 
inch of diameter. By circular, or linear pitch is meant 
the distance between the centers of two successive teeth, 
measured on the pitch circle, or pitch line. The thick- 
ness of the tooth, on the pitch circle, equals the width 
of the space between two teeth; each is therefore one-half 
the circular pitch. 

100. Calculating Gears. In calculating a gear the 
diameter is first obtained; for example, we desire to make 
a gear wheel with 31 teeth, 5 pitch. The 5 pitch is diam- 
etral, and means the number of teeth for every inch 



146 MACHINE SHOP PRACTICE 

of diameter, hence 31-7-5=6i" or 6.2", the diameter of 
the gear on the pitch circle. Now, to obtain the whole, 
or outside diameter, we must remember that it is necessary 
to add to the diameter of the pitch circle the amount 
the tooth projects beyond it on each side of the gear. This 
projection equals twice the addendum of a tooth. To 
find the length of the addendum, divide the diameter of 
the pitch circle by the number of teeth on the gear; 6.2-?- 31 = 
.2". This is called a module; as we obtained it by divid- 
ing the diameter by the number of teeth y^) there is one 

module for each tooth. But this is the ratio of the whole 
diameter to the whole number of teeth, and is equal to i, 
which is the ratio of one inch of the diameter to the pitch. 
We may therefore use the fraction which expresses this 
ratio of diameter to pitch, in calculating the teeth of any 
gear. 

To proceed with our example, we add twice the adden- 
dimi (or module) to the diameter of the pitch circle. 
6t"+l"=6f" or 6.6", the diameter of the gear across the 
tops of the teeth, or the diameter of the blank from which 
the gear is cut. 

We now have to determine the depth of the cuts by 
which the teeth are formed. As we know that the addendum 
and dedendum are equal, they give us, when added, twice 
the addendiun; therefore this equals the working depth 
of the tooth. To obtain the whole depth we must add the 
clearance. It is considered good practice to make this 
equal to ^ of the working depth. Our calculation is as 
follows: iX2 = f'' working depth. ^ of |=^" or 
.025" clearance. |" or .4" +.025" = .425". We now have 
the diameter of the blank (6.6") and the depth of the 
cut (.425"). 

To summarize our example, we have: 

To make a gear of 31 teeth, of 5 diametral pitch, which 
is the data the machinist would receive: 
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(1) 31-^5=6i" or 6.2", the pitch diameter. 

(2) 6i"+l" (two addenda) =6|" or 6.6", the diameter 
of the blank. 

(3) iX2 = |" or .4", the working depth of a tooth. 

(4) .4X^?=i^ = .025", the clearance. 

(5) .4+. 025" = .425", the depth of the cut. 

Rule for Diameter of Blank. Divide the number of teeth 
by the diametral pitch and add twice the pitch ratio. 

An easy form of this rule to remember is this: Add 
2 to the number of teeth and divide by the diametral 
pitch. To prove: 

-r-+^ (first rule)= — « — (second rule)=-^=6f or 6.6". 

If the pitch were 7 instead of 5, we would have : 
M+2=^=4^" or 4.714". 

If the pitch were 8, we would have, 

The working depth and clearance would be found in 
the same way as in the first example. 

The rule for determining the distance between the 
centers of two gears is as follows: 

Add the number of teeth in both gears and divide half 
the sum by the diametral pitch. If a equals the distance 

and 5 equals the sum of the teeth, then « = 2P' 

101. Circular Pitch. Circular pitch, P, is the distance 
between the centers of two teeth measiu-ed on the pitch 
line, Fig. 142. The process of calculation is the same 
as for diametral pitch, only in one case we figure from the 
diameter and in the other from the circumference. 



148 MACHINE SHOP PRACTICE 

Suppose we desire to make a gear of 40 teeth, with V 
circular pitch. The circular pitch being the distance, on 
the pitch circle, between the centers of two teeth, then the 
circumference of the pitch circle will be 1X40=40". As 
the diameter of a circle equals the circumference divided 
by 3.1416, we have, 40-5-3.1416 = 12.7323", the diameter 
of the pitch circle. Then, as before, 12.7323 -J-40 = . 3183", 
addendum. .3183X2 =.6366", two addenda or the work- 
ing depth of tooth. 12.7323+.6366 = 13.3689", diameter 
of blank. ^ of .6366 = .0397", clearance. .6366 +.0397 
= .6763, depth of cut. 

Brown and Sharpe take -it of the circular pitch for 
clearance. Using this we have, l-r-20 = .05", clearance. 




Fig. 142. 

Then, .3183+.05=.3683, dedendum, and .6366+.05=.6866", 
depth of cut. This may be accepted as the best practice. 

102. Calculation for Bevel Gears. Bevel gears are of 
necessity projected on a drawing board to scale, and the 
diameters thus obtained. The teeth of these gears are 
formed about the frustums of cones, the apex of each being 
at the point where the shafts meet. They are called 
pUch cones, because they roll upon each other, and the 
teeth are pitched upon them. Brown and Sharpens treatise 
on gearing gives a comprehensive discussion of this impor- 
tant subject, showing how to project the gears. 

103. The Worm Wheel. A worm wheel is made to 
mesh with a screw called a warm. If the worm were 
cut in two on its axis, it would show the teeth with straight 
faces similar to those of a rack. 
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The axes of a worm wheel and worm are usually at 
right angles to each other. 

The rules for circular pitch apply to the calculation for 
worm wheels, only the terms are sometimes misunderstood, 
because a worm may be single, double, triple, or quadruple 
thread, as the case may be; the term pitch may be mis- 
applied, therefore. What it is really essential to know 
is the advance or lead of the worm thread. A single thread 
worm, for instance, with 3 tiuns to 1" has | lead. 

In a single thread worm only are the lead and pitch 
the same. The pitch is always the distance between the 
centers of two teeth on the pitch line. 

As the worm and worm wheel mesh, the number of 
threads per inch of length on the worm equals the number 
of teeth per inch of circumference on the worm wheel. 
Assuming the worm to have 5 threads per inch, the wheel 
will have 5 teeth per inch. The circular pitch of the wheel 
will therefore be i". To find the diametral pitch, divide 
the circmnference of a one-inch circle, or 3.1416, by the 
circular pitch: 3. 1416-r-i=3. 1416X5. Therefore we have: 

Rule for the Diametral Pitch of a Worm Wheel. Mul- 
tiply the niunber of threads per inch on the worm by 3.1416. 

Having the number of teeth in the wheel and the dia- 
metral pitch, proceed with the calculation as in the case of 
a spur gear. 

These wheels are usually finished with a hob, a cutting 
tool which looks like a worm or screw, grooved to form 
teeth for cutting. 

The diameter of a hob, for milling or bobbing a worm 
wheel, should be a httle larger than the worm, — usually 
the diameter of the worm plus double the clearance of the 
tooth. In making this we get the method of calculating 
the rack tooth tool, because the same tool would be neces- 
sary in cutting the worm or the hob. 

104. The Rack Tooth. Brown and Sharpe give the fol- 
lowing method and calculation for obtaining the rack tooth : 
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The sides of the rack tooth, in the Brown and Sharpe 
gear, slope 14|°; to obtain this quickly, draw any semicircle, 
divide the diameter into four equal parts, set the dividers 
equal to one of these parts, and project it on the circum- 




^X diameter 



Fig. 143. 



ference of the semicircle. Draw the line 00 j Fig. 143, 
through these points; this makes an angle of 14|° with 
the perpendicular, and gives the side of the rack tooth. 
Then, to lay out for a tool to make the rack, we would draw 
a circle of any diameter, and lay off i of the diameter on 

both sides of the center line, and 
draw lines as in Fig. 144. These show 
the angle of the tool point. 

To obtain the correct width of the 
point of the tool we must find the 
width of the bottom of the space 
between two teeth. We must also 
find the width of the top of the tooth 
if we are to attempt to cut the rack. 
As the dimensions of the teeth of 
other pitches are proportional to those of 1" pitch, the 
atter may be used as constants. We have already found 
the addendum for this pitch (.3183"), the dedendum 
(.3683"), and the whole depth (.6866")- To find the. 
widths of the top of the tooth and the bottom of the 




Fig 144. 
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space, the following is given: We know the thickness 
of the tooth on the pitch line is one-half the linear pitch, 

or — . Therefore, letting A =the width of the top, we have; 
At 

(1) il=y-2(.3183tanl4|°) 

ButP' = l; therefore, 

(2) il = A-2 (.3183 tan 14i°) 

(3) A = .3354. 

We also know the space between two teeth on the pitch 

P' 
line is one-half the linear pitch or -^. Therefore, letting 

B equal the width of the bottom of the space, we have: 

(1) B=y-2(.3683tanl4J^); 

But P' = 1 ; therefore, 

(2) JS=i-2(.3683tanl4§°); 

(3) B = . 05 -2(.3683X. 25861); 

(4) B = .3095or.31. 




Fig. 145 



To use these constants, suppose the hnear pitch of our 
rack is 1.25, we have: 

B = .31 X 1.25 = .3875", width of the point of the tool. 

A = .3354 XI. 25 = .4192", width of the top of the tooth. 

Depth of cut = .6866 X 1 .25 = .8582". 

In practice, gauges may be obtained by which to grind 
forged tools for the different pitches. 
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106. Spiral Gears. The angle of a spiral gear is the 
difference in direction between one of its teeth and the tooth 
of a plain spur gear. In calculating the size of the blank 
the spiral circular pitch must be found. This is the dis- 
tance from center to center of two adjacent teeth measured 
on the side of the gear, and therefore obliquely to the line 
of the teeth. The normal pitch is measured at right angles 
to the hne of the teeth, as in the case of spur gears, and 
corresponds to the circular pitch of the latter. To obtain 
the spiral circular pitch divide the normal pitch by the 
cosine of the angle of the spiral, or 

o . , . , .^ , normal pitch 

Spiral circular pitch = y^ — ~ r^ — = — i • 

Cosine angle of spiral 

Having the spiral circular pitch we use it to obtain the 
circumference of the pitch circle, as in the case of the circular 
pitch of a spur gear; that is, multiply it by the number 
of teeth. Find the diameter of the pitch circle as in the 
case of the spur gear; add two addenda and we have the 
size of the blank. The depth of the cut is found as before. 

The method of setting the milling machine for spiral 
cutting was explained in Chapter XII. 

QUESTIONS ON GEARING 

1. What is meant by diametral pitch? 

2. What is meant by circular pitch? 

3. Assume that a template is desired for gear teeth, 3 diametral 
pitch and 15 teeth. Calculate the size of the wheel. Draw to some 
convenient scale, showing pitch, diameter, whole diameter, thick- 
ness of tooth, depth of tooth, and how you determine clearance. 

4. In cutting this same wheel, or template outline, what index 
circle and how many holes should be used? 

6. Distinguish between miter gears and bevel gears. 

6. Draw an outline of a pair of bevel gears, running at 90^, 
indicating pitch diameter, face of tooth, thickness of tooth, and 
cutting an^e. 
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7. Calculate the size of a pair of bevel gears: 32 teeth 6P, 44 
teeth 5P. 

8. State the principal reason why the cutting, by a rotary 
cutter, of a bevel gear gives only an approximation. Why is it not 
accurate? 

9. How is the pitch of a worm usually given? 

10. What is the angle of pressure on a worm? 

11. How does it correspond to a rack tooth? 

12. Calculate the size of a worm wheel to run with a worm 
2 J" diameter, three threads per inch (single), 30 teeth. 

13. What is a hob? 

14. How much larger must a hob be than a worm? 

15. Calculate the size and all dimensions for rack teeth for 
li" pitch. 

16. Make an ink sketch to scale of the same. 



CHAPTER XV 

GRINDING 

Materials for grinding. Abrasives and the order of their cutting 
efficiency. Grain and Grade. Rules to be followed in mount- 
ing wheels, and why. Safe speeds. What limits the speed. Value 
of balance. How to increase speeds. Table of speeds. Dif- 
ferent types of machines and their uses. 

106. Abrasives. Every boy has experienced at one 
time or another the value of abrasives, without thinking 
much as to the theory. When the hands were stained 
with pitch pine or resm, or other substances that would 
not yield to the ordinary washing soap, a handful of sand 
has proven the means of accomplishing results, and it was 
because the sand acted as an abrasive and cut the dirt off. 

For shop use, in sharpening tools, and for manufactur- 
ing purposes, abrasive materials in the form of wheels 
of various shapes are of increasing importance. The 
ordinary sand grindstone found in every shop is an abrasive 
wheel of the softer variety. This is a natural stone. 

Other substances, when made into artificial wheels, 
are of much greater value to the manufacturer. These are: 
emery, which is harder than sandstone; corundum, which 
is harder than emery; carborundtun, which is one of the 
hardest of all, only exceeded in hardness by the diamond, 
the dust of which is commonly used as an abrasive by 
jewelers. Alundtun is still another abrasive of reputation 
which combines hardness, temper and sharpness; it and 
carborundum are electric furnace products, fused at about 
3000° F. 

These abrasives are ground into various size grains, 
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and are sorted by being passed through sieves of varjdng 
mesh. These sizes are designated according to the number 
of threads or wires per linear inch of mesh; for instance, 
those grains which pass through a sieve with 100 threads or 
wires per linear inch are known as No. 100. Similarly 
grains numbered 90, 80, 70, 60, 50, 40, 30, etc., are those 
which pass through sieves of corresponding mesh. These 
numbers show the abrasive wheel's coarseness or fineness, 
as the case may be, but have nothing whatever to do with 
the grade; this means the degree of hardness of the wheel. 
By grain, therefore, is meant the size of the cutting 
particle, while by the grade is meant the temper of the grain, 
whether soft or hard. A wheel that wears away rapidly 
is called soft, and vice versa. 

107. Method of Manufacture. The method of manu- 
facture of these artificial whetels is as follows: Grains 
of one size are mixed together with a bonding material 
which is in itself an abrasive after it has become vitrified 
or baked. While this mixtiu^e is in a plastic state it is poured 
into molds and placed in drying ovens for a short time. 
After this drying period the wheels are brought to the 
desired size on special machines, and again dried out. 
They are then placed in ovens which are hermetically 
sealed and for a period of about 12 to 14 days, according 
to the size of the kiln, are subjected to varying degrees of 
heat, the highest being about 3000® F. This intense 
heat fufies the bonding material and vitrifies it, and at the 
same time tempers the grain of the abrasive. The wheels 
are then thoroughly inspected, and are tested at about 
double the commercial speed. 

108. Use. Many conditions enter into the use of 
abrasives. First, the materials to be ground differ; we 
have iron, — cast, wrought or malleable; brass, bronze, 
alloys of any kind; steel of hard or soft quality. Each of 
these needs different treatment. The amount of metal 
to be removed, whether a roughing cut or only a few thou- 
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sandths for finish, the nature of the finish, and whether 
ground wet or dry, — all of these conditions must be consid- 
ered, and the grain and grade of the abrasive wheel and 
its speeds and feeds made to conform. In this it is well to 
get the advice of men who have made a special study of the 
problem. 

Different manufacturers of wheels have different methods 
of designating the grades of their product. The Norton 
Company, of Worcester, Mass., designates the degree of 
hardness or grade of its alundum wheels alphabetically, 
in a sort of alphabetical progression, from soft to hard, 
Carborundiun wheels are designated in just the reverse 
manner, hard being indicated by the beginning of the 
alphabet and soft by the letters toward the end. 

As before stated, conditions vary so much that no abso- 
lute rule can be laid down for selecting wheels of proper 
grade and grain for any specified material or work, but the 
following short table will be an aid in making a choice: 

Grain. Grade. 

Iron and steel castings 12 to 25 Q to U 

Malleable castings 14 to 20 P to R 

Chilled iron castings 20 to 30 O to U 

Wrought iron forgings 12 to 30 P to U 

General machine shop use 24 to 46 O to P 

Small tools. . : 36 to 100 N to P 

Reamers, milling cutters, etc 46 to 100 J to M 

Wet tool grinding 46 J 

109. Fundamentals of Grinding. Grinding is a cutting 
process, each particle of abrasive being a cutting tool, 
with a well defined cutting edge or point, and, therefore, 
we have, in a grinding wheel, a muUiple'tooth cutter with 
an almost infinite number of teeth. To get the highest 
eflSciency from any multiple-tooth cutter, each tooth 
must have a chance to do its share of the work; this means 
that the abrasive wheel must run true. Hence, in mount- 
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ing a wheel the first essential, after it is properly mounted, 
is to true the wheel by a thoroughly reliable mechanical 
method. Do not try to hold a diamond tool or an emery 
wheel dresser in your hand, in truing a wheel, but have it 
rigidly fixed in a suitable tool post and, by means of the 
table or platen, feed it across the face of the wheel. It is 
adviaable to have the wheel rotated by hand at a nominal 
speed, rather than run at its cutting speed, while the proc- 
ess of truing is going on; the particles will not be burned 
or fused. 



Again let the student remember that no mechanic can 
do good work on any machine unless he is thoroi^jhly 
familiar with the conditions under which the machine 
operates at its highest efficiency; this is true of grinding 
materiab as well as of others. He should know that the 
wheel has not been forced on the arbor, but fits freely, yet 
without play. He should know that it has been properly 
cushioned under the washers to absorb shock, heavy paper 
{not hard) or thin rubber being used. The washers should 
be large enough to hold firmly, covering a large area of 
the side of the wheel. They should be at least one-half 
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the diameter of the wheel, preferably larger; if the nature 
of the work to be done will allow it, they may be two-thirds 
the diameter. The washers should fit on their outer edges 
as in Fig. 146. 

We are enabled to run grinding wheels at an extremely 
high speed, due to the many cutting edges, but in speed 
lies the greatest danger. Hence, the operator should make 
sure that the speed at which the machine is belted is within 
the safety zone. A speed indicator is a necessary tool. 
The safe working speed should not exceed 5000 feet per 
minute. Wherever it is possible the wheel should be 




Fig. 147. 

covered with guards or hoods as a safety measure in case of 
breakage. 

It is essential that the direction of rotation of both wheel 
and work be correct; many mechanics have failed on this 
particular point who were well informed on other essentials. 
The work and the abrasive wheel must pass each other 
in opposite directionSf as in Fig. 147. 

110. Grinding Machines. For many years most shops 
have been equipped with machines for sharpening tools, 
ranging from the Vet and dry grinders for lathe and other 
tools to those for sharpening reamers, milling cutters, etc. 
Only within comparatively recent years has the grinding 
jnjiQbine taken its place as a manufacturing tool. lu 



Pia. 148.— Norton Tool Grinder. 
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certuu work, such as agricultural machinery, it has been 
found economical to use the grinder. Upon work of s 
higher grade, such as many automobile parts, the Sniah- 




Fio. 149.— Method of Uwng the 
taternal Grindir^ Attachment, 
R«fidy to Grind. 



Fig. 152.— Griiuliiig Flutes in 
Taps. 




Fia. 150.— Internal Grinding Fia. 153.— Method of Holding 

Attachment, Thrown out of Posi- Saws and very thin Work by 

tion for Purpose of Measuring Means of Expansion Spindle. 

Work. 



Fig. 154.— Grinding Spiral Mill 
Showing Finger Stop. 



ing is done by grinding. Much of this development is 
doubtless due to the improved abrasives now used and to 
the advance in the art of wheel making. Special wheels 
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and special machines are used where warranted by the 
large number of identicfl.1 parts produced. 

In Fig. 148 is shown a machine suitable for sharpening 
milling cutters and for finishing centers, mandrels, and other 
light work. Figs. 149 to 154 illustrate some of the work 
which can be done on this machine. In Fig. 165 is shown a 
much larger and heavier machine adapted to manufacturing. 

These machines by no means exhaust the list or show 
all the tjrpes. The heavier, coarser work is done on plain 
grinders, as a rule, rather than on universal machines. 
There are machines adapted to cylindrical work only, 
while others are for surfacing. 

Grinders are especially built for sharpening twist drills. 
There are obtainable, also, attachments for grinding work 
in the lathe; this includes both outside and inside grind- 
ing. A variety of small, portable, electric grinders are 
now made; these often prove valuable adjuncts to the 
usual shop equipment. 

QUESTIONS ON GRINDING 

1. In mounting an abrasive wheel, what precautions are 
necessary? 

2. How is the jar on an abrasive wheel taken care of? 

3. What is the first thing to do after mounting a wheel? 

4. What is the advantage of truing a wheel by hand? 
6. What is the result on the work 

(a) When the wheel is too soft? 
(6) When too hard? 

6. About what speed is safe for the general run of abrasive 
wheels used in the shops? 

7. What is the advantage of speed in cutting? 

8. How are wheels graded? Give general information as to 
grading of grain, etc. 

9. Why is there a limit to the speed of an abrasive wheel? 

10. By what means can this speed be increased and still retain 
a factor of safety to the operator? 
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11. Give grain and grade of wheels for grinding tool steel, cast 
iron and bronze. 

12. MaJce a sketch of a wheel and show a method of mountmg 
that wiU prevent the wheel from flying out, if broken. 

13. What is emery? Corundum?' Carborundum? 

14. Which is most efficient? Why? 

16. What speed (surface) is safe practice for an emery wheel, 
wet? Dry? 

16. What speed for leather-covered wheels? 

17. What is the disadvantage in not having proper feeds? 

18. What is the most important thing to do before grinding 
work? 

19. What element of danger is to be safeguarded against? What 
are some of the methods you would consider in avoidmg that 
danger? 

20. How are carborundum and emery graded? 

21. What letter indicates hard? Soft? 

22. What is a good grade for cast iron? What is a good grade 
for soft steel? What is a good grade for hard steel? 

23. What is the advantage of grinding work on dead centers? 



CHAPTER XVI 

TOOL STEEL 

Carbon and high-speed steels. Different kinds of steel and their 
properties. High-speed steel efficiency. Annealing, forging, 
hardening and tempering. Cracking. Warping. Strains. Pack 
hardening. 

111. Tool and Mild Steels. Steel is an alloy of iron. 
It is commercially pure iron, combined with certain other 
elements such as carbon, tungsten, manganese, chromium, 
nickel, etc. The proportion of these elements naturally 
determines the character of the steel. The student should 
know the two general grades of steel: tool steel and mild 
steel, — the latter often referred to as " Bessemer '' or as 
" machinery '* steel. 

Tool steel differs from mild steel in its content of the 
various hardening elements named; it is a '^ high carbon " 
steel. 

Mild steel differs from wrought iron in that it is free from 
slag; it entered the engineering field when the Bessemer 
and open-hearth processes introduced the new class of iron 
which to-day is called mild or " low carbon " steel. 

112. The Manufacture of Tool Steel. The steps by 
which we derive the higher grade of tool steel from the iron 
ore are, briefly traced, as follows: The ore is mined, and 
from it the iron is extracted by the process of smelting at 
a high temperature in blast, furnaces, from which it is 
tapped or poured into molds, forming " pigs." The 
iron in these pigs is impure, to the extent of from 5 to 10 
per cent of phosphorous, sulphur, silicon, etc. 

From this pig iron, by a process of pvddlingf wrought 
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iron is produced; the puddling is in furnaces where the pigs 
are melted in contact with diluted oxides, and stirred or 
robbled, in a pasty mass, until nearly all the impurities 
are oxidized or " burned out.'' From the puddling furnace 
the ball of molten metal, weighing about 75 lbs. or more, 
is put through the rolls and squeezed and rolled into bars, 
called " muck bars." There is still the element of impurity 
in these bars, and they are cut into small pieces and made 
into oblong " piles," which are reheated and rolled into 
" merchant bars." 

The purest ores are used to make the wrought iron 
which is to be converted into tool steel. The wrought 
iron is rolled into certain adaptable shapes, about f X3", 
cut up and placed in special boxes. The pieces are separated 
from each other and from the box by hardwood charcoal, 
the top layer being covered with it, and the box hermetically 
sealed with clay to exclude air. The whole is then sub- 
jected to a high temperature for a long period of time; 
about 2000° F. for seven to ten days. The iron absorbs 
carbon from the charcoal in which it is packed, and is con- 
verted into what is called " blister " steel, from its appearance 
when taken out of the packing. This is called the " cementa- 
tion process." The tool steel thus obtained is not Ukely 
to be homogeneous or uniform in texture, and therefore 
is not altogether reliable, although it can be improved 
by forging and working. 

The process of manufacturing crucible tool steel, as 
devised by Huntsman, is to break up the " blister " steel 
into small pieces, which are melted with certain fluxes 
in especially prepared clay crucibles. The heat is carried 
to a certain temperature, at which it is maintained for 
a definite period and the metal is then poured or teemed, 
at the proper moment, into moulds, forming ingots of 
" crucible " cast steel. 

The method which is largely employed in the United 
States for making crucible steel eliminates the cementation 
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process. The wrought-iron bars are broken up and charged 
into graphite crucibles, from which the iron absorbs carbon 
t<^ether with other elements called "medicine," such as 
manganese, etc. This process produces a steel of uniform 
quaUty and reliability. The great value of any tool steel 
lies in its uniformity; that is, the whole bar and all bars 
of that grade should give the same results imder the same 
treatment. 

113. Fundamental Conditions for Tools. So many 
conditions must be considered and observed in the use 
of steel tools, as to make it practically impossible to fix a 
standard by which successful results will always obtain. 
In the first place, the grade of steel, as determined by its 
hardening content, should vary with the uses for which the 
tools are designed. 

A tool which is to be subjected to constant shock, such 
as a cold chisel, should be of a different grade of steel from 
that employed to make a tool which is to be used under a 
constant load. In short, one grade of steel is not adapted 
for all and every kind of tool. 

There are, however, certain conditions governing the 
manufacture of tools which are so fundamental that they 
cannot in any case be ignored. These are: first, a slow, 
thorough heating, to insure a uniform temperature through- 
out the whole piece; second, the temperature of the cooling 
liquid; third, the time and method of drawing the temper. 
Forced draught should not be used in heating tools for 
tempering, because of the too rapid expansion of the metal, 
as well as the resulting unevenness of the heat; the out- 
side will be raised to the required temperature before 
the inside, and this will result in strains which may crack 
the tool. Expansion and contraction should be equal 
and uniform; too rapid heating by forced draught imposes 
a condition adverse to this. 

114. High-speed Tool Steels. A distinction should be 
made between '* self-hardening " and " high-speed " steel, 
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although they are commonly classified by the mechanic 
under the same heading. The student should note, how- 
ever, that self-hardening steel hardens under the ordinary 
atmospheric temperature, during its cooling process, while 
the high-speed steels are all subjected to a more or less 
elaborate treatment to effect their speed-cutting properties. 

It is a comparatively short time since the introduction 
of the strictly high-speed steels. The first really valuable 
experiments, one might say the first steps in this advance, 
were made by Mr. Frederick W. Taylor and Mr. Maunsel 
White at the plant of the Bethlehem Steel Works in 1898 
to 1900, the actual results of which were pubUcly exhibited 
at Paris along with other makers' steels. 

Each brand of high-speed steel has its separate, secret, 
chemical composition, and only generally do we know and 
speak of them as made up of varying quantities of tungsten, 
molybdenum, manganese, chromium, carbon, and the later 
ones of vanadium, for which still better results are claimed. 
As the percentage of these various alloys increases, the car- 
bon element decreases; a large part of it combines with 
these elements at the high temperatures at which they are 
treated, forming carbides, which are very hard and are 
really the " cutting teeth.'' 

It is a matter of record that, by the use of these steels, 
speeds have increased considerably, until frequently three 
or four times those for the ordinary carbon steels. The 
possibility of such increase in speeds may be accounted for, 
in a brief way, by saying that it is due to the different tem- 
peratures at which the two kinds of steel are treated. 
With both, the speed of the machine must be kept within 
such a limit that the temperature produced by the heat 
generated by the friction between the chip and tool, is kept 
below the temperature at which the tool was treated. As 
this treatment temperature ranges from 2000** to 2250° F. 
for high-speed steels, it is obvious that a greater speed 
is possible with these tools. 
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Fig. 156 shows a curve which was made at the time 
of the Taylor-White experiments by a Franklin Institute 
Committee, and shows clearly the action of temperature 
on both kinds of steel. The breaking-down point, or the 
temperature at which we would ordinarily destroy the 
eflficiency, by burning, is 1550° F., for carbon steels, while 
the point is not yet reached at 1900° F. for the high-speed 
steels. 
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High-speed steel, as an economic factor, is revolu- 
tionizing modem manufacture, and, while it requires in- 
creased power to drive the machine tools, the returns from 
greater production much more than compensate for the 
cost of this increase. Heavier machines must be made, 
however, to meet the increased stresses which are placed 
upon the different parts, by the use of the new steels. 

The treatment of tool steel may be classified under four 
heads: Annealing, forging , hardening, tempering. 

115. Annealing. Steel is annealed by slowly cooling 
it from a low red heat. The longer the period of time 
elapsing in this cooling process, the more the strains that 
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have been set up by rolling or hammering will be elim- 
inated. Primarily, annealing is for eliminating these 
strains, rather than for softening the steel. The softening 
of the steel is a by-product, as it were, of the heat treatment, 
which allows the carbon to separate and diffuse itself 
throughout the mass. 

Most of the makers of tool steel to-day anneal their 
product before sending it out to the trade, whereas, in 
years gone by it was thought that to anneal a piece of tool 
steel was to injure it to a certain extent. Under the 
methods used this very often was true, because the steel was 
overheated, was cooled too quickly, or was allowed to cool 
in substances which tended to decarbonize it or to impart 
impurities to it. 

Annealing improves the grain of steel, if properly per- 
formed. Cast-iron annealing boxes are now used to a 
great extent, in which the steel is packed in charcoal, ashes, 
or any other substance which retains the heat. These 
are sealed with fire clay, and a period of time, mifficient 
to allow the separate strains to adjust themselves, is given. 
In the early days lime was used, because of its heat-retaining 
qualities. 

Some tool makers and steel workers have become 
very proficient in the quicker method called " water anneal- 
ing," in which the steel is heated to a low red, and held 
either in a dark comer until all color disappears, or between 
dry pine boards until the steel fails to spark the wood, 
and is then quenched. 

A safe method to observe in working tool steel, espec- 
ially if the mechanic does not know his steel, is to first 
rough out the tool, and anneal it before finishing, and 
although this may take a little more time, the final 
results in hardening and tempering will more than com- 
pensate for this loss. Nearly every tool steel worker has 
experienced trouble at one time or another "^th steel 
containing hard spots due to improper annealing, these hard 
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spots being masses of combined carbon which was not af- 
fected by the annealing. The time of cooling is the factor 
which must not be ignored; it is really more important 
than temperature. There is very little excuse for finding 
these hard spots in steel to-day, with the advanced methods 
of conducting the annealing process in improved annealing 
furnaces, where temperatures can be regulated, if the 
time element is carefully observed. 

116. Forging. By forging is meant the heating and 
hammering of the metal, by which it is made to assume a 
definite shape and size. In forging care must be exercised 
to secure the proper degree of heat, and the part of the bar 
being forged must be heated uniformly throughout, as 
already noted under the subject of annealing. 

The degree of heat to be employed depends on the size 
and shape of the piece, upon the carbon content, or grade 
of the steel, and upon the use to which the finished product 
is to be adapted. Judgment must be used as to the force 
of the blows when hammering — good hard blows are to 
be struck if the piece is large, and gradually lighter ones 
as it becomes smaller and cooler. 

A piece of steel will be improved by proper hammering, 
as the density of the grain is increased; such steel being 
commonly known as *' hammer refined." If hammered 
when below a certain temperature, however, the grain is 
crushed and the steel is then injured. 

The part that has been forged may be only a small part 
of the tool; if the rest of the steel has been left untouched, 
what is commonly called a forging strain is caused, This 
is due to different densities in the hammered and unham- 
mered parts of the steel, and to relieve these strains the 
piece should be annealed after forging. It is a point worth 
our notice, that a cold chisel, a lathe tool, or even a screw 
driver, gives far better results, if, after forging, it be reheated 
and allowed to cool slowly before heating for the hardening 
and tempering. 
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117. Hardening. This may be considered under three 
distinct heads: 

First, the nature and composition of the metal, that is, 
the grade of the steel. 

Second, the temperature of quenching, or the refining 
heat, which depends almost wholly on the carbon content 
of the steel. 




Fig. 157. — Hand Bellows Forge for Hardening. 



Third, the nature, volume, and temperature of the bath 
which is determined from' the piece to be hardened, its 
size, shape, and degree of hardness, or the use to which it 
is to be subjected. 

In this advanced age it may seem rather elementary 
to give space to a discussion of ordinary methods in harden- 
ing tool steel, but so much depends upon a thorough knowl- 
edge of a few elementals that it may be wise to consider 
them in this particular place. Every toolmaker will not 
have modem conditions under which to work; nor is it 
the man who, given the best conditions, can always do 
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good work, that is so likely to succeed as the one who 
can create his own conditions and produce results. 

Good results have been obtained even with soft coal, 
when no other facilities were to be had, although soft coal 
with its inherent sulphur is not ideal. Fig. 157 illustrates 
the ordinary hand bellows forge which has been prepared, 
or is being prepared, for tool steel hardening. The bot- 
tom of the forge has been cleaned out, and a handful of 
pine shavings or waste put in, upon which a quantity of 
charcoal is placed. Upon this a block of wood is placed, 
the size depending^ upon the size and shape of the tools 
to be hardened. A piece of gas pipe is set upon this block, 
in a vertical position as shown, for a vent. Over the block 
and around the pipe is packed the soft coal, which has 
been crushed and thoroughly wet down to insure solidity 
in packing. The fire, which is started in the shavings 
and waste underneath, is transmitted to the charcoal, 
and very little draught is needed to keep this burning. 
When the block of wood has been consumed, the soft 
coal has been coked, and a sort of muffler, the size of 
the block, has been formed, which will give very satis- 
factory heating conditions for small tools. It has certain 
muffler qualities, such as heat-retaining walls, and needs 
very little draught to keep it going. This matter of 
draught is important; if it were not so, the muffler might 
never have been brought into use, to avoid the air coming 
in contact with the steel. Forced draught, as before 
stated, should be avoided when you are compelled to use 
a forge. A slow heating allows for normal expansion 
and gives us the right to expect normal contraction when 
the piece is cooled. Again, the outside of the steel should 
not be brought to the refining heat before the center is heated 
to the same degree. 

With respect to refining heat, every different temper 
of tool steel (speaking now of the manufacturer's term 
temper) has a different refining heat. To determine what 
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this is in any case, take a piece of the steel 6" or 8" long 
and §" to f " in diameter and, with a file or tool, nick it 
every |" or so, and heat it so that one end will be near the 
melting point. Then let the heat slowly run toward the 
other end, from the white or melting heat at one end to 
the black heat at the other, and quench it. After drying, 
break off the nicked sections, starting at the ^nd which 
had the highest heat. This overheated end will break 
very easily, and will show a coarse grain, as indicated in 
Fig. 158. The force needed to break off the sections will 
increase as the black end of the steel is approached, but 
some one section will show a very fine grain, which indicates 




Fig. 158. — Grain of a Rod which has been Hardened. 

that here the refining heat was reached. As the end is 
neared, there is a tendency to bend before breaking, and the 
grain will be found coarse until we reach the natural grain. 

It is plain from this that overheating the steel opens 
the grain, which will remain open until the steel is allowed 
to cool and is again reheated to a refining heat. If by 
any chance, a tool has become overheated in hardening, 
it is well to allow it to cool slowly, and then to reheat it to 
the correct temperature and quench. 

This question of refining is important, which is only 
another way of saying again that the worker must know 
his steel, so that he may avoid ruining a 1.6 per cent car- 
bon steel, for example, by subjecting it to a heat suitable 
for a .75 per cent steel. To avoid to a great extent the 
chances of error, where several grades of steel are in daily 
use, it would be well to mark the various grades with 
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diflferent colored paints, each color denoting a different 
carbon content. 

118. Gas Furnaces. To-day the hardening of tool 
steel has become a science, owing to the efficiency of gas 
furnaces, which give such desirable results as even, steady 
heat, and freedom from the oxidizing influence of the air. 
These furnaces are operated, in many cases, by ordinary 
illuminating gas, the air being furnished by a blower attach- 
ment so designed that the heat is generated by the combus- 
tion of a properly proportioned mixture of gas and air. 
Their value lies in their always being ready; moreover, 
they are clean and very simple to operate. 

119. Lead Baths. Another means, used to a considerable 
extent especially for heating small pieces, is the lead bath. 
The lead, which is melted in a crucible, should be chemically 
pure. The difficulty attendant upon this process is to 
maintain a uniform temperature throughout the whole 
mass in the crucible, as it is possible to have the top at a 
higher temperature than the bottom. The contents of the 
crucible should be stirred occasionally, with a perfectly 
dry rod. All of the pieces to be hardened should also be 
perfectly dry, to avoid the spattering of the lead. 

Lead at a temperature of 1200° or 1300° F. evaporates 
quickly, and to prevent this a thin layer of powdered 
charcoal should be spread over the molten metal. To 
prevent the lead from clinging to the steel, dip the piece 
in a strong solution of brine, and dry it thoroughly. 

120. Cyanide of Potassium. Chemically pure cyanide 
of potassium is used in a similar manner, more perhaps to 
prevent all oxidation, especially where lower carbon steel 
is used and only surface hardening is required. 

121. Cooling Baths. Many different cooling baths are 
used, the most common of which is water, although it is 
one of the poorest conductors of heat among the liquids. 

Water cooling is attained by means of evaporation. 
The hot metal immediately converts the layer of water 
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next to it into steam; this passes out into the body of the 
water and the next layer is, in turn, evaporated into steam, 
and so on, until all the heat is carried from the heated piece. 
When the heat is excessive, very often bubbles are formed 
which prevent the next layer of water from wholly surround- 
ing the tool, and soft spots in the hardened piece are the 
result. 

The more rapidly the heat is conducted from the steel 
by the hardening bath, the harder the steel will be. The 
size of the bath is also important, as too small a receptacle 
means a quick change in the temperature of the liquid, 
which would defeat the desired results. 

The cooling bath should be agitated; that is, if water 
is used it should be running water, and if this is not at hand, 
the water in the receptacle should be stirred or whirled 
around and the tool or piece to be hardened should be 
dipped in the vortex or center of this whirlmg bath, to 
insure uniform extraction of the heat. Salts and acids 
increase the heat-conducting power of water. Common salt 
is mostly used — all that the water will dissolve. 

Oils and fats are used to a great extent as hardening 
solutions, because they tend to make the steel less brittle 
than does water. They have less hardening power, but 
give the steel a toughness that water will not give. Neat's 
foot, lard, or fish oil, may be used, and will be found satis- 
factory for small tools, springs, etc. This characteristic 
of the oil bath explains why it is frequently used as a 
second bath for tools, having projecting edges, such as 
reamers, end mills, spiral cutters, etc. The teeth need to be 
hard for about J to f their depth, and the tool is first dipped 
in water or brine for a short period of time, and then plunged 
in oil, and allowed to cool there. This serves a double 
purpose, — ^that of giving the necessary hardness to the 
cutting edges of the teeth from the water chill, while retain- 
ing a desirable toughness at the base. Some tool makers 
use oil in a combined hardening and tempering process. 
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It is better, however, to differentiate between the two 
processes, first hardening the tool and afterward tem- 
pering it. 

A very common method is to use the water bath with 
oil on top, when the piece requires hardness but is liable 
to crack under the shock of sudden cooling. The oil 
through which the tool has to pass diffuses itself over the 
whole piece and prevents that sudden contraction which 
water alone would produce. 

As to the time of cooling, a safe rule to observe would 
be to time the vibrations or hissing; when all vibration 
or hissing ceases, the tool is as hard as it can be made, 
no matter how long it is held in the bath. 

Among other hardening agents there may be mentioned 
mercury; its excessive cost and the dangerous fumes aris- 
ing from it put it in a special class of such agents. Small 
dental tools are frequently cooled by the use of a mercury 
bath. J^'or very small drills, where extreme hardness is 
required, a potato will prove the best hardening agent, 
about 90 per cent of it being water and the other 10 per 
cent starch; of the starch, about 40 to 50 per cent is carbon. 
Sealing wax will prove a very good substitute for the potato 
for small drills and fine-point tools of extreme hardness. 
Cold lead, a block of which is found, around every machine 
shop, has been used with excellent results for flat drills, 
which, after heating, are driven down into the lead. 

When many pieces of a kind are to be hardened, the 
process known as pack hardening is extensively used. The 
pieces are packed in an iron box and surrounded with charred 
leather, bone dust, hoof parings, etc. The value of this 
method is not only that a large number of parts can be 
treated, but that they will be alike as to hardness, due 
to the possibility of an even temperature throughout. 

122. Tempering. Hardening and tempering are too 
often confounded and used as identical terms. Hardening 
drives the heat out. Tempering is accomplished by putting 
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heat in. When the tool steel has been hardened, it is left 
very brittle and is not usable until some of that brittleness 
has been removed and the metal toughened, or, as we say, 
tempered. 

A piece of tool steel which has been made hard will, 
if dried, polished, and held over a Bunsen flame, be affected 
by oxidation. A thin film of iron oxide will coat the whole 
piece and show different colors according to the different 
temperatures to which it is raised, from the light straw for 
reamers, taps, etc., down through the dark blues for cold 
chisels, to the greenish gray of the natural temper. At 
412° F. the first change begins to take place; that is, the 
hardened piece of steel must be raised to 412° before any 
change is possible; from that degree up, the changes vary 
with the temperatures. 

The color scale of temperatures, handed down to us 
from our forefathers, was long the standard for drawing 
the temper in tools for different uses, but it is rather of 
approximate than of real value, because the difference in 
carbon content gives different colors for fixed temperatures. 
This color scale is shown in the following table: 

432° F. Light Straw. Metal working tools for planer, 

lathe, etc. All tools for 
hard substances, such as 
ivory, bone, etc. 
450° F. Natural Straw. All toothed cutters, such as 

milling cutters, reamers, 
end mills, taps, etc. 
470° F. Dark Straw. Punches and dies. 

Wood bits. 

Tools for stone and marble. 
490° F. Brown. Wood-working tools generally. 

Ordinary temper for drills. 
620° F. Bronze. Saws. 

Springs. 

Small instruments. 
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550** F. Purple. Screw drivers. 

Wood chisels and gouges. 
Cold chisels for metals. 
570° F. Blub. Wood saws and those tools on 

which it is desired to put 
edges with files. 
600"* F. Dark Blue. Easily filed. 

632° F. Greenish Gray. Natural temper. 

In our present-day methods, tempering is not based 
upon the guessing of these colors, as most of it is done in 
specially prepared tempering baths which are equipped 
with thermometers. Heavy oil, heated to the required 
temperature, is used mostly in these baths. It is obvious 
that the length of time does not figure in the drawing of 
the temper in such a bath, because after the heat has once 
reached all parts of the hardened tool, it is the same tem- 
perature as the oil and cannot become any hotter. 

Hot sand is used for drawing small pieces in quantity. 
Long, thin pieces are sometimes tempered in tubes or 
sections of gas pipe which have been heated, and which 
give a uniform heat to all parts of the piece. 

123. Methods of Dipping. The proper way to insert 
the piece in the bath must be learned by one who is work- 
ing tool steel. Certain results are demanded; besides 
obtaining the right temper, the shape of the piece must be 
kept unchanged. The most important factors to con- 
sider are the expansion and contraction of the metal with 
the changes in temperature. As an illustration, suppose 
a reamer, 7" or 8" long, after heating is plunged in the bath 
flat, so that one side, along the entire length, first comes in 
contact with the cooling liquid; the piece will immediately 
contract on this side, while the other part is still expanded 
up to the point at which it feels the chill. There is little 
question as to the shape it will have when taken from the 
bath, — a curved shank rather than a straight one. Again, 
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take a wedge of any kind, a large knife blade for instance, 
and dip it edge first, which sets the grain of the edge. When 
the large area of the back begins to set, it pulls the thin 
edge whither it wills and leaves anything but a straight 
edge. 

124. Summary. In a summary of the treatment of 
tool steel it is necessary to recognize: 

The importance of strain due to unequal stresses; 

The value of annealing; 

That time, rather than temperature, is the factor in 
annealing; 

That the annealing heat is a low heat; 

That the refining heat should be gradually and slowly 
approached, to allow a thorough and uniform heating of 
the steel; 

That the tempering bath should be of the right tem- 
perature and according to the prospective use of the tool; 

That a combination of oil and water gives a tougher 
structure to the steel than water alone will give; 

That, in tempering, the degree of heat should be regulated 
according to the grade of steel used; 

That the part of the work having the largest area should 
be dipped first, and in a vertical position; 

That the hardening bath should be agitated. 

QUESTIONS ON TOOL STEEL 

1. What are some of the precautions necessary in handling tool 
steel preparatory to working it to size? 

2. Why do you anneal the piece after roughing? 

3. How do you overcome hard spots in tool steel? 

4. In annealing tool steel, how does the temperature compare 
with the hardening temperature? Is it higher or lower? 

6. How should steel be heated for hardening? What care 
should be exercised? 

6. Give method of hardening to obtain a tough, imiform tem- 
per; give reasons underlying each step. 
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7. How should tools be dipped, what precautions should pre- 
vail, and what is the result if precautions are not taken? 

8. Give the color scale of temperatures for tempering different 
tools. 

9. What is the difference between hardening and tempering? 

10. What is a " muffle " furnace? 

11. What is a " muffle " used for? 

12. Why is oil used in hardening and tempering? 

13. What is the effect of forced draft in a fire in which you are 
heating tool steel? 

14. Why is a fire made of soft coal to be avoided? 

15. What effect has charcoal fire on steel? 

16. What is the proper way of heating steel for hardening? 

17. In hardening, what are some of the essential things to be 
considered? 

18. Give different baths for hardening in conmion use in 
practice? 

19. What is carbon steel? 

20. What is the difference between carbon steel and super- 
heated steel? 

21. What advantage has superheated steel over ordinary car- 
bon steel? 

22. What gives superheated steel its efficiency? 



APPENDIX 

SYSTEM 

Method of keeping track of work through the various departments. 
Time, stock and repair cards. Construction chart. Construc- 
tion sheet and its uses. Job order cards and how used. Their 
value from an economic standpoint. 

Numbering Systems. In any numbering system it is 
important that proper emphasis be laid upon the fixing 
of the nimiber used. The problem presents three dis- 
tinct phases for solution: 

1. The main number must never be duplicated. 

2. The method of assigning this mmiber must be simple. 

3. Certain figures in the niunber should have the same 
meaning 'in all departments, and imlimited expansion 
should be possible to cover details without altering the main 
number. 

The reason for the first of these propositions seems 
self-evident. Concerning the second it may be said that 
any instructor, after he has given a title to the work he wants 
done or the machine he wants made, must be able, by 
simply glancing at his numbering chart, to write down the 
main number of the job. 

Subdivisions are necessary because in the shops we wish 
to keep track of the time, etc., on certain parts of the job 
assigned to one or a group of students; while uniformity 
in numbering subdivisioris, and the possibility of expansion 
are necessary in the drawing-room and for foundry patterns, 
because every single detail of the job may require a dis- 
tinctive number. 

There are many complicated systems of accounting for 
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time, stock, material undergoing construction, etc., which 
do not lend themselves to smaller shops or organizations. 
The following system for a school shop has been devised 
and tried out by the author with very satisfactory results. 
The main features of the system will be apparent from the 
following discussion. 

The job number stands for one job as a whole, no 
matter whether the work takes two hours or five years to 
complete. This mmiber must not be duplicated, and the 
time and cost of every detail of the job, when finished, is 
charged to this main number. It is this job number alone 
that departments, other than construction departments, 
use to trace their work. 

Emergency Job Number. All emergency jobs have 
the prefix X placed before the main number, as X529, 
X7986. 

Determining the Job Number. The first and second 
figures of the job number are fixed for each department 
of the school for which the shop does work. The first 
figure indicates the department; the second figure indicates 
a definite class of work for that department, except in the 
'* Miscellaneous " or 900 class. This second figure indicates, 
as in the five cases given below, the same general class of 
work in all departments. 

Department Number. Class Number. 

000 Chemistry 00 

100 Physics 10 Transmission equipment 

200 Strength of materials 20 Exercises 

300 Electrical laboratory 30 Exercises 

400 Steam laboratory 40 New equipment 

500 Machine shop 50 

600 Foundry 60 

700 Pattern shop 70 

800 Forge shop 80 

900 Miscellaneous 90 Repairs 
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For example, 4 is the number of the Steam Laboratory 
Department; hence every job number originating there 
will have 4 for the first figure. If the job comes properly 
under the head of new equipment the second figure of the 
job number will be 4, because new equipment is numbered 
4 in all departments. In the case of large institutions, 
job numbers may be given four figures as already suggested; 
this would give three figures to class numbers or subdivisions. 

The five class numbers unassigned in the table are to be 
assigned, as occasion arises, by the heads of the various 
departments, but when once assigned are not to be changed. 

Class Subdivisions. A suggestion as to what is covered 
by the class headings in the table is as follows: 

10. Transmission Equipment, 1. All hangers, brackets, 
shafting, couplings, pulleys, clutches, gearing, etc., which 
aid in transmitting the motive power from engine or 
dynamo to machine. 

20, 30. Exercises. Work, in any department, which 
is used simply for the elementary instruction of the students, 
not as constructi6n or project work. 

40. New Equipment, Important instruments or ma- 
I chines which will last ten years or more. This is possible 

,j of further subdivision, as in the case of " Exercises," by 

using one of the free numbers. 

90. Repairs. Any repair or break-down job to- existing 
equipment other than transmission equipment. 

Detail Numbers. In the drawing rooms and shops a 
jt figure will often appear to the right of the decimal point 

of the job number, and sometimes a figure and a, letter, as 
528.4, 528.45C. 

Determining Detail Numbers for Jobs. Additional 
figures may be placed at the right of the decimal point in 
the job number, to be used in subdividing the work on any 
job. The first figure should be given as nearly as possible 
in accordance with the following general classification: 
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.0 Used to designate the assembly drawing. 

.1 Wrenches, vises, small equipment.- * 

.2 Plates, washers, etc. 

.3 Stationary constructive part. 

.4 Movable constructive part. I 

.5 Stationary motive part. ! 

.6 Movable motive part. I 

.7 Pulleys, gears, etc. 

.8 Fluid transmission. 

.9 Miscellaneous. 

In the example just noted, if the job is a detail of new 
equipment for the Steam Laboratory, such as the belt 
pulley of an engine, the figure at the right of the decimal 
point, in the job number, will be 7, the whole number being 
440.7. 

Further numbers may be added at the right of this 
detail figure, in sequence, at the option of the department 
concerned. 

Detail Letters. To designate any detail of this main 
subdivision, the letters A, B. C, etc., may be used, referring 
to the drawing of the detail of said part on the detail sheet. 
The assignment of these letters is left to the discretion of the 
instructor of drawing. 

It is suggested that the use of the letters be confined 
mainly to the drawing room, and to the numbering of 
individual patterns, while in other shops, the number 
covering the main subdivision of the job be given, and 
the name of the particular detail piece be written out. 

To Determine the Numbers in the Miscellaneous or 
900 Class. The figure next to the 9 is that of the depart- 
ment which is to do the work. The subsequent figure or 
figures preceding the decimal point may be assigned con- 
secutively; or the third figure ma/ be a class figure, in 
accordance with the classification given below, with the 
consecutive numbering following this. The choice of 
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these two methods is optional with the department con- 
cerned in doing the work. 

Classification for 900 Class. 

9-m Models. 

9-10 Jobs belonging to students. 
9-20 Jobs of persons not connected with the institu- 
tion. 
9-30 
9-40 

9-50 Buildings and grounds. 
9-60 

9-70 Art department. 
9-80 Engineer's department. 
9-90 

Note. Substitute for the dash the number of the department 
which does the work. 

Detail numbers may be placed at the right of the decimal 
in accordance with the regular system. 

Procedure in Assigning Job Numbers. The head of 
any department is responsible for assigning the number 
to the jobs of his own department. He determines the 
title and number of the job and sets these down first on a 
" job number chart," kept in a conspicuous place in his 
office. After the number and the title have been duly 
entered on said chart, they are placed on sketches for the 
drawing room, or on emergency tickets and sketches for 
the shops. 

When any work in the way of equipment, construction 
or repairs is to be done with student labor, two general 
classes of jobs will naturally present themselves: Regular 
jobs, which require considerable preparation in designing 
and drawing. Emergency jobs, which can be made thor- 
oughly clear by simple sketches. The former have the 
jiecessary tracings and blue prints. The latter have 
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sketches, with sufficient data for the efficient execution of 
the work. 

The instructor wishing drawings, tracings, or blue prints 
made presents to the head of the drawing department the 
necessary sketches and data. 

Construction Tickets for Regular Jobs. When draw- 
ings are completed, construction tickets^ printed on salmon 
cards, are made out in duplicate for each part to be con- 
structed, and for each shop which will have work to do on 
said part; also one cost card, as directed under a subse- 
quent heading. One set of the construction tickets are 
kept on file in the drawing office; the other tickets ar6 
distributed as needed, with all the necessary blue prints 
and bills of material, to the various shops. On the com- 
pletion of the work, the tickets are returned to the drawing 
room office, so that the dupUcates may be filled out, and the 
shop tickets are sent back to the department which per- 
formed the work. 

Construction Tickets for Emergency Jobs. Interde- 
partment requests for construction or repair work which 
cannot be " done while you wait," i.e., completed within 
one day, but requiring not more than two class periods, 
nor employing more than two men, are filled out in dup- 
licate by the instructor wishing the work done. He uses 
the consturction ticket form, on a buff card; sending one 
card to the drawing office for fiHng, and one to the shop 
which is to do the work, together with the necessary sketches 
or directions. On completion of the work, the shop ticket 
is sent to the drawing office, as in the case of regular con- 
struction tickets. 

The construction ticket shows the following: 

Name of the job; its number; shop in which the work 
is to be done. 

Date: When wanted 

Date: When the drawing or pattern is delivered. 

Date: When the work is completed. 
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Part or operation wanted. 

Number of pieces wanted. 

Hours of labor. 

Expense (sundries bought for this particular job). 

Cost of stock. 

Signature of instructor (which is virtually a receipt 
for the completed work). 

These tickets, as already noted, are printed on salmon 
cards for regular jobs and on buflf cards for emergency jobs. 

Cost Cards. When the construction tickets are being 
made out for any regular job, one cost card shall be headed 
with the number and name of the job; the date of starting, 
the name of the person requesting it, and of the person who 
designed the work, are also entered. This is printed on a 
blue card and is kept on file, in front of the construction 
ticket to which it refers, and serves as an index for the same. 

When the construction tickets are all in, on any par- 
ticular job, the record of the cost card is completed. 
The service of this card is to sum up the total cost in 
hours of labor, expense and material for the whole job. 

Once a year the emergency construction tickets should be 
tabulated, and where there are more than three of the 
same class, a cost card should be made out, summing up 
the data contained therein. 

Construction Sheets. When the shop instructor re- 
ceives a construction ticket for any job, he makes out a 
construction sheet giving the number and name of the 
job, and assigns the parts and operations to his students. 
This sheet is designed as a record sheet for the instructor, 
for the job in detail. The exact method of using this sheet 
necessarily varies in the different shops, according to the 
judgment of the instructors. 

Time Cards. At the end of each class period every 
student fills out a time card, and deposits it in a box espec- 
ially provided for it. On this ticket the student shows 
the number of the job on which he has been working, the 
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part, the number of hours spent on it, and the material 
used for it. From these cards the instructor obtains the 
data for the construction sheet. 

When the job is finished, the instructor O. K.'s the 
construction sheet, sums up the data, and transfers the 
record to the construction ticket. This ticket is then sent, 
with the completed job, to the person requesting it, who, 
in accepting the work, signs the ticket and returns it, as a 
receipt for work done, to the shop instructor. 

The illustrations. Figs. 161, 162, 163, 164, 165, for a 
tapping machine. No. 542, will clearly show the method 
of using the system, as they show a job being carried through 
the regular order. This is only intended as a simple system 
to show the simplest way of following up the various jobs 
as they go through the different shops. It is capable of 
expansion or modification to meet almost any need. 
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Decimal equivalents, 141, 142 
Dedendum, 144 
Detail letters, 184 
Detail numbers, 183 

determining the, 183 
Diametral pitch, 145, 149 
Diamond point chisel, 4, 5 
Diamond point tool, 80 
Dividers, 6 



Double-coir pound lathe, 64 
Double-cut file, 10, 11 
Double-geared lathe, 64 
Draw filing, 22 
Drawing room card, 190 
Drill, angle of, 40 

clearance of, 39 

essentials of, 39 

point of, 41 

socket, 42 

speeds and feeds, 42 

starting of, 41 
Drilling long holes, 43 
Drill press, 36-46 

floor, 37 

full-universal, 38 

parts of, 37 

plain radial, 38 

semi-universal, 38 

sensitive, 37 

Emergency job number, 182 

Emergency sketch, 193 

Emery, 154 

End mills, 126 

Engine lathe, 64 

English to metric readings, 141 

Facing ends, 68, 69 
Fanner drill, 41 
Feed, 90 
Files, 10-13 

card, 14 

cleaning of, 14 

convexity in, 15 

fitting handle to, 14 

selection of, 13 
Filing, 10-24 

angle plate, 16 

cast iron, 14 

comer, 18 

interchangeable, 19 

method of, 16, 17 
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Filing, narrow surface, 18 

parallel, 20 

rough, 16 
Filing lathe work, 66 
Flat chisel, 2 
Floor drill, 36 
Fly cutter, 124 
Forge muffle, 172 
Forging, 170 

strain, 170 
Formed cutter, 124, 127 

Gang milling, 113, 129 

Gas furnace, 174 

Geared shaper, 61 

Gearing, 143-153 

Gears, calculations for, 144-152 

clearance in, 145, 146 

whole depth of tooth, 145 

working depth of tooth, 145 
Gouge chisel, 4 
Grain of metal, 173 
Grinders, 158-162 
Grinding, 154-163 

methods of, 160 

rotation of work, 158 
Grinding wheels, 156 

mounting of, 156, 157 

speed of, 158 
Grindstone, 3, 154 

Half-round file, 11 
Hammers, 5 

ball peen, 5 

cross peen, 5 

straight peen, 5 

weight of, 5 
Hand lathe, 63 
Hand tools, 30, 31 
Hand tool work, 30 
Hardening, 171 
High speed steel, 166, 168 
Hob, 149 
Horizontal boring mill, 101-106 



Increment cut file, 13 
Index circle, 116 
Index head, 114 
Index table, 116 
Inside turning, 92 

Job niunbers, 182 
determining the, 182 

Lacing work to face plate, 94 
Lathe centers, 64, 66, 67 
Lathe construction, 63 
Lathe, parts of, 65 
Lathes, 63-74 
Lathe speed and feeds, 90 
Lathe tool, angle of, 72, 81 

clearance of, 78, 85 

for finishing, 73 

grinding of, 85 

height of, 83 

rake, 85 

setting of, 85, 87 

spring of, 82 
Lathe tool holder, 89 
Lead bath, 174 
Xinear pitch, 145 
Live center, 65, 73 
Lubricating work, 72 

Main spindle, 35, 106 

Marking compounds, 28 

Materials of construction, 33-35 

Measuring blocks, 140 

Measuring instruments, 135-142 

Metal slitting saws, 126 

Metric system, 141 

Micrometer, 135 

Mild steel, 159 

Mill file, 12 

Milling cutters, 125-135 
direction of cut, 133 
for different uses, 125 
for twist drills, 130 
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Milling cutters, grinding of, 133 

hardening of, 129 

inserted tooth, 125 

number of teeth, 133 

size of, 127 

speeds and feeds, 134 
Milling machine, 108-134 

advantages of, 108 

arbor of, 111 

collets, 112, 

outboard bearing, 109, 1 12 

parts of, 109-110, 111 
Milling spirals, 118 

setting cutter for, 130 
MiU saw, 126 

Miscellaneous or 900 class num- 
bers, 184 
Miter gear, 144 
Multiple spindle drill, 38 
Multiple-tooth cutter, 113 

Numbering system, 181 

Oil bath, 175 

Open side planers, 61 

Pack hardening, 176 

Parallel strips, 52 

Pig iron, 164 

Pillar file, 12 

Pitch, 145 

Pitch and lead, 145, 147, 149, 152 

Pitch circle, 144 

Pitch diameter, 147 

Pitch line, 145 

Pitch of spiral, 152 

Plain miUing machine, 109-111 

Plain miUs, 125 

Planer, apron, 55 

centers, 57 

order of work, 53 

parts of, 48 

platen, 48, 56 



Planer, tool box, 49 

tool head, 58 
Planer chuck, 54 

clamping work in, 56 
Planer cross rail, 48, 51 
Planer height gauges, 60 
Planer tool, 54, 55, 59, 60 

cutting angles, 77-81, 86 

deflection of, 79, 82 

rake, 85, 86, 87 

setting of, 59 
Planer ''V'-blocks, 58 
Planers and shapers, 47-62 
Planing at an angle, 58 
Planing arcs, 60 
Planing parallel strips, 52 
Plug gauge, 20 
Position in filing, 17 
Prick punch, 7 

Quadruple-geared lathe, 64 

Rack gear, 149-151 
Rack tooth, 149 
Rack tooth template, 21 
Rasp, 10, 11- 
Reading of vernier, 139 
Refining heat, 172, 173 
Repair order card, 192 
Ring gauge, 73 
Roughing file, 14 
Round-nose tool, 80, 87 

Sand bath, 178 
Scale on castings, 53 
Scrapers, 25 
Scraping, 25-29 
Scriber, 6 

Second-cut, file, 10, 11 
Self-hardening steel, 166 
Sensitive drill, 36 
Shafting, 35, 36 
Shaper, parts of, 49 
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Side mills, 126 

Side rake, 86 

Side tool, 87 

Single cut file, 10, 11 

Single-geared lathe, 64 

Smooth file, 10, 11 

Speed lathes, 30 

Speeds, 42, 90 

Spiral gears, 144, 152 

Spiral milling, 118 

Spiral milling angle, 120 

Spur gears, 143 

Square, 6 

Square thread, 90 

Star wheel feed, 104-107 

Steady rest, 94 

Steel, 164 

Stock order card, 192 

System, 181-193 

Table of tangents, 122, 123 
Tangent, 122, 123 
Taper gauge, 73 
Taper turning, 73 
Tempering, 176 

colors in, 177, 178 

dipping for, 178 
Template, 21 

Testing accuracy of turning, 82 
Testing for parallelism, 50 
Thread cutting, 71 
Thread cutting tool, 86 

calculations for, 71 
Threads, common, 70 
Time cards, 187, 192 



Tool dipping, 174, 178 

Tool making, 166-179 

Tool steel, 164-180 
manufacture of, 164, 165 
high speed, 166, 167, 178 

Train of gearing, 143 

Travers shaper, 62 

Triple-geared lathe, 64 

Truing live center, 64, 66 

Twist drills, 39 

Universal drill, 38 

Universal milling machine, HI 

U. S. standard thread, 70 

Vernier caliper, 138 

Vertical boring mill, 101, 102, 103 

Vise, 6 

holding work in, 7 

position at, 17 
Vise work, 1-24 
V-thread, 70 

Warding file, 12 
Water annealing, 169 
Water cooling, 174 
Wear, 33 

Whitworth thread, 70 
Whitworth tool, 84 
Worm gear, 144, 148, 149 
Worm hobs, 127 
Worm wheel, 148 
Wrought iron, 164 

chipping, 9 

filing, 14 
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